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Abstract
Commercially managed honey bee colonies (Apis mellifera) have experienced increased
winter losses in recent years. These losses could result from many factors but many sources agree
that the external parasite Varroa destructor is among the leading causes. Part of the challenge to
manage winter losses is finding effective and timely methods to control late summer and fall mite
levels in advance of wintering, while preserving the health of the honey bees and without
disrupting the establishment of the wintering population of bees. In this study, a 3 X 4 Factorial
study design with repeated measures over time was used to determine the effects of three
acaricides, Apivar®, MAQS® and oxalic acid against a non-treatment control. The treatments
were applied at three different fall treatment timings, early, mid and late fall and the effect on
daily mite drop, total mite kill, mean abundance of mites, brood area and adult survival were
quantified. The experiment showed significant interactions between type of acaricide and
treatment date that affected efficacy and the establishment and age structure of the wintering
population of bees. Apivar® had elevated mite drops for nearly the full duration of their
treatments, while MAQS® had elevated mite drop for only 1 to five days post application. The
oxalic acid treated colonies had elevated mite drop for only one day following treatment and only
for the group of colonies treated in late fall. Both Apivar® and MAQS® were effective in
reducing mean abundance of mites to a very low level during the autumn regardless of the
treatment date. MAQS® treated colonies had decreased brood area and killed some adults during
the treatment. Treatments with MAQS® were estimated to have decreased wintering populations
by 1500 to 2000 workers on the first and second treatment dates as a result of brood mortality.
Colonies treated in early autumn with Apivar® had no effect on brood area, however these
colonies had significantly lower adult survival in the fall for two of the population cohorts relative
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to controls, despite having decreased parasite pressure. Late treatments using Apivar® and early
treatments using MAQS were most favourable in terms of colony population size. The poor
overall colony survival in this experiment highlights the difficulty in managing colonies in the
autumn that have elevated mite levels.
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General Introduction
Winter has always been a critical time for honey bee colonies in temperate environments,
and winter loss is of particular importance to beekeepers. Since 2006, winter losses of honey bee
colonies have been higher than historic levels and at levels that beekeepers find unsustainable.
While there are many contributing factors that can increase winter losses, many agree that the
external parasitic mite Varroa destructor is the leading cause. The research reported in this thesis
focuses on two aspects of varroa mites as they apply to pre-wintering and wintering honey bees:
the control of mites with acaricide treatments, and the population effects on the colony as a result
the positive and negative effects of those acaricides. This thesis is written in a paper style with a
general literature review (Chapter 1), two manuscripts containing research results (Chapter 2 and
3) and a general discussion (Chapter 4). The literature review provides a context to the study and
a rationale for the experimental work undertaken, the two manuscripts are written for publication
in peer reviewed journals, and the general discussion remarks on the findings of interest, the
shortcomings of the study and future directions for research in this area.
Chapter 1 serves as a brief introduction to the beekeeping industry and the challenges it
faces. The physiology of honey bees as it is likely to apply to pre-wintering and wintering honey
bees and the stresses that are likely to be of importance to bees during the winter are examined.
Chapter 2 examines the effectiveness of three acaricides with three different modes of
action against varroa mites, and the interaction of effectiveness with the date of treatment in the
autumn. The timing, intensity and duration of acaricide effectiveness against varroa are
examined based on sticky board data collected through the treatment period, over winter and into
the spring. The effect on mean abundance of mites as determined by alcohol wash are examined
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pre-treatment, immediately following treatment, and in the spring after wintering the colonies.
The results showed that both Mite Away Quick Strips (MAQS®) and Apivar® had elevated mite
drop during their treatments with MAQS® having elevated mite drop for 1 to 5 days, and
Apivar® for up to two weeks after application. Oxalic acid in a sugar syrup drizzle formulation
showed increased mite drop only on one day late in the autumn for late treated colonies. Mean
abundance of varroa for colonies treated with MAQS® and Apivar® were significantly different
from oxalic acid and untreated control colonies following treatment in the autumn. There was a
non-significant difference among the acaricides in the spring following the treatment. The date of
treatment was not a significant predictor of acaricide performance, rather the acaricide, and the
interaction of an acaricide on a specific date were most important.
Chapter 3 examines the direct negative and positive effects on the honey bee colonies as
a result of the timing and type of three different acaricide treatments at three different times
during the autumn. The effect on populations, percent weight change, brood area, and adult
autumn and spring percent survival were examined and estimated population effects were
discussed. The results showed that treatments with MAQS® had a significant negative effect on
brood area 11 days post treatment compared to controls when applied early in the autumn, and a
non-significant decrease when applied in mid-autumn. This was estimated to decrease autumn
populations by 1,500 to 2,000 workers. Apivar® treated colonies did not have an effect on brood
area, however the adult survival at the end of autumn was significantly decreased for two cohorts
resulting in a loss of approximately 1300 adults when compared to control colonies. Oxalic acid
treated colonies did not have a significant effect on brood area, but early treated colonies had a
significantly increased adult survival in the fall, despite having high varroa mite infestations. The
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acaricide*date was the best predictor of effects on colony population structure, while acaricide
and the date of treatment were less important.
Chapter 4 is a general discussion of the research contained within this thesis and its
broader implication for autumn colony management.
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CHAPTER 1 LITERATURE REVIEW
Introduction to the Industry
Honeybees (Apis mellifera Linnaeus) around the world have been experiencing marked
declines in recent years. In North America, beekeepers from the United States first experienced a
mysterious condition called Colony Collapse Disorder (CCD) where colonies that appeared
healthy suddenly abandoned their hives leaving untended brood, uneaten food stores
(Vanengelsdorp et al., 2009). Surveys in the United States show continued winter losses often
fluctuating around 30%, which is above what beekeepers feel is sustainable (vanEngelsdorp et
al., 2012). Canada too has been affected by colony losses. Historically winter losses have been
around 10-15%, in recent years this number frequently reached 30% (Currie et al., 2010). Some
regions have experienced even higher losses which threaten commercial beekeeping operations,
honey production and pollination services in Canada. Many European nations have also been
impacted by these honey bee colony declines. In Germany, unusually high losses of around 30%
prompted the formation of a monitoring program to help determine their cause (Genersch et al.,
2010). Other nations including France, Switzerland, and Spain have also experienced elevated
losses at levels previously not experienced (Charriere & Neumann, 2010; Chauzat et al., 2010;
Higes et al., 2008). Concern over bee losses on an international scale prompted a network of
European and North American bee experts to form the COLOSS network with the goal of
helping to explain and prevent continued bee losses. Over the winter of 2009-10 they reported
European losses from 7-30% and a significant increase in mortality from the previous winter
(van der Zee et al., 2012).
While worldwide studies into these losses have revealed many factors such as the
tracheal mite, Acarapis woodii Rennie (Kojima et al., 2011), the fungus, Nosema apis Zander
6

and Nosema ceranae Fries et. Al. (Botias et al., 2013), pesticides (Pettis et al., 2013) and poor
nutrition (Brodschneider & Crailsheim, 2010) that can contribute to colony mortality, many
agree that the external parasitic mite Varroa destructor Anderson and Trueman is a leading cause
of colony mortality (Boecking & Genersch, 2008; Currie et al., 2010; De Guzman et al., 2007;
Dietemann et al., 2012; Guzman-Novoa et al., 2010). Not only does the mite feed on the adult
and immature stages of honeybees shortening their life spans and weakening their immune
systems, it is also known to be a vector for pathogens including bacteria (Glinski & Jarosz, 1992)
and viruses (Bowen-Walker et al., 1999; Chen et al., 2006; Teresa Santillan-Galicia et al., 2010).
To determine why this pest is so damaging with respect to winter colony loss it is
important to consider numerous aspects of honey bee overwintering, including colony level
factors that affect bee health, worker bee physiology and behaviour, the nature of the pest and the
damage associated with it.

Colony Level Factors Critical for Overwinter Survival
The requirement for successful overwintering of honey bee colonies depends on different
factors that vary with the conditions in which they are wintered. In more severe northern
environments such as northern Europe, Asia, the northern United States and Canada common
elements remain essential to success.
Among the requirements of wintering in northern environments is simply the ability to
maintain colony temperature under low ambient temperatures. With outdoor temperatures that
can reach as low as -40°C in some locations this can be a challenge for any organism, with honey
bees being no exception. While individual bees may be unable to survive these extremes, the
honey bee colony as a “super-organism” has developed the ability to maintain in colony
temperatures in their clusters between 32 and 36°C even under extreme cold external
7

temperatures (Es'kov & Toboev, 2009; Jones et al., 2004). This is accomplished through a dense
clustering of outer bees acting as insulation, surrounding a more loosely packed center where
bees actively use their flight muscles and metabolic activity to create heat (Becher & Moritz,
2009). Bees continuously circulate throughout the cluster of bees which can be expanded or
contracted as temperatures require (Szabo, 1987a).
In order for colonies to maintain temperature stability they must also have a population of
sufficient size to generate meaningful heat, and have the fuel to do so. In northern Europe a
population of at least 5,000 workers is required (Dainat et al., 2012). In more severe
environments such as Canada, a population of around 15,000 adults has been observed to show
good population characteristics during winter and into the spring (Harris, 2009). With an
approximate weight of 120 mg per adult worker (Hrassnigg & Crailsheim, 2005) this equates to
roughly 1.25 kg of bees. Total honey consumed by colonies of this size wintered outdoors in
groups of four wrapped with insulating wraps can range from approximately 18 to 28 kg
depending on the length and severity of the winter (Szabo, 1987b).
In consuming food and generating heat, the overwintering colony respires, and produces
water vapour and carbon dioxide. If not properly vented by colonies this can accumulate in the
wintering environment and hamper thermoregulation and ultimately wintering success (Szabo
1985). In commercially managed colonies proper ventilation has commonly taken the form of a
top and bottom entrance reduced to 5 cm2 each (Szabo 1985).

Honey Bee Physiology
Honey bees have a suite of glands and organs that serve various functions. In
understanding the role of each of these glands and organs it can be important to remember that
the function of one can have a cascade effect on numerous others (Arrese & Soulages, 2010).
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Often this interaction is complicated and carefully choreographed, making it difficult to study
each part on its own, rather than as part of the whole organism. With this in mind, a review of the
pheromonal and hormonal control of honey bee physiology and behaviour is important to
understanding of the physiological requirements of wintering honey bees.
Pheromone and Hormonal Regulation
Honey bees, as in most social organisms, must have an ability to communicate
information amongst the colony members. With peak summer populations that can reach in
excess of 60,000 individuals (Harris, 2008) this ability to communicate is critical. Bees use
auditory and tactile cues such as in the well-known dance language of honey bees to
communicate about sources of forage outside of the colony (Von Frisch, 1993). In most cases
however, communication within a honey bee colony is coordinated through complex chemical
signals in the form of pheromones (Le Conte & Hefetz, 2008; Trhlin & Rajchard, 2011). While
much remains unknown about some aspects of this chemical communication, other aspects have
been studied in detail and do have marked importance at the individual and colony level.
Releaser pheromones, those that cause an immediate response in the behaviour of a
recipient, can be important for short term individual and colony needs, but primer pheromones
are likely more important for long term colony function (Le Conte & Hefetz, 2008; Trhlin &
Rajchard, 2011). In honey bees the best understood releaser pheromones are the alarm
pheromones 2-heptanone and isopentyl acetate (Trhlin & Rajchard, 2011). These relatively
volatile compounds elicit a nearly immediate, but short lasting response among nest mates to
pursue, bite and sting sources of disturbance marked by previous bites and stings (Trhlin &
Rajchard, 2011). Primer pheromones by contrast have longer lasting and more sophisticated
physiological and hormonal responses amongst the colony (Le Conte & Hefetz, 2008). Many of
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these primer pheromone effects have the potential to be important for affecting colony function
and organization in advance of wintering. Among those with considerable importance are
pheromones regulating reproduction within the hive.
Within healthy functional colonies, suppression of worker reproduction is achieved
through a bouquet of pheromones (Le Conte & Hefetz, 2008). A combination of Dufour’s gland
esters, queen mandibular pheromone and queen retinue pheromone work to signal the health of
the colony queen and to suppress the reproduction of workers (Le Conte & Hefetz, 2008; Trhlin
& Rajchard, 2011). The Dufour’s esters, apparently signaling fertility and ovarian development,
are given off in higher volumes from productive queens as compared to the essentially sterile
workers (Le Conte & Hefetz, 2008). Queen retinue pheromone, both a primer and a releaser
pheromone, acts to attract workers to the queen and who then actively antennate her and lick her
cuticle to acquire the pheromone (Trhlin & Rajchard, 2011). Once they have attended the queen,
longer lasting, “persistent” primer pheromones including queen mandibular pheromone are
further dispersed through the colony by physical contact and trophallactic interactions of worker
bees within the colony (Trhlin& Rajchard, 2011). Since the pheromone suppresses ovary
development in workers and queen production, this distribution method helps to ensure only one
reproductive gyne in the colony, thus maintaining colony cohesion (Le Conte & Hefetz, 2008).
In addition to controlling worker reproduction, pheromones also regulate division of
labour in workers (Robinson, 1992). Pheromones interacting with hormones such as juvenile
hormone regulate physiological changes in nurse bees, those who attend the immature stages,
and forager bees, those who leave the hive in search of resources such as nectar, pollen, propolis
and water (Fluri et al., 1982). Queen mandibular pheromone contains 9-oxo-2-decenoic acid (9ODA) which reduces the production of developmentally important juvenile hormone within
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workers (Le Conte & Hefetz, 2008). In all insects, juvenile hormone is an important factor in
their development and this remains true for honey bees (Robinson, 1992) but it also has other
functions.
Juvenile hormone III is the only form of juvenile hormone found in honey bees and is
synthesized within the corpora allata (Fluri et al., 1982; Robinson, 1992). On the first day of
emergence juvenile hormone titres in worker haemolymph start near 5 pmol/100 µl and increase
to over 20 pmol/100 µl around three weeks later (Robinson, 1992). Low levels of juvenile
hormone are most commonly associated with nest activities, with progression to foraging
behaviour closely associated with increases in juvenile hormone (Fluri et al., 1982; Robinson,
1992).
In this fashion, juvenile hormone can be closely tied with the progression of division of
labour. This has been confirmed through manipulation of colonies in a number of ways. First,
colonies exposed to higher levels of juvenile hormone begin foraging early during the first three
weeks of life, when bees are usually are restricted to performing nest duties (Robinson, 1992).
Second, colonies are known to restructure age-based duties to compensate if there is a sudden
decrease in available workers performing those tasks and will shift older bees to nest and nurse
bee duties or younger bees to foraging if needed (Münch & Amdam, 2010; Robinson, 1992).
Such shifts could occur for example, if there was an extreme weather event or pesticide spray
that suddenly wiped out a large part of the population of forager bees.
Worker physiology can further be controlled through interaction with brood pheromone.
Composed of a mix of 10 fatty acid methyl and ethyl esters, brood pheromone is given off by the
salivary glands of immature larvae growing in the colony (Le Conte et al., 2006). Brood
pheromone has properties as both a releaser and primer pheromone among workers, signaling
11

larval requirements as well as glandular changes within workers (Le Conte et al., 2006). As a
releaser it can signal subtle difference in the needs of the larvae with different blends of the 10
esters that compose it (Pankiw et al., 2008; Smedal et al., 2009). Some blends have the ability to
give off cues to stimulate feeding of carbohydrate rich brood food, while others can signal an
increased demand for higher protein and lipid content (Le Conte & Hefetz, 2008). In this way the
larvae is actively able to signal its needs and elicit the required response from the nurse bee. As
the summer season with good forage resources winds down, the ability of colony to feed and
raise brood decreases (Mattila & Otis, 2007a). With this reduction in brood production follows a
reduction in the brood pheromone given off. This may be related to physiological shifts that
result in the production of long-lived winter bees but this has not yet been proven. It is known
that in autumn, young hatching bees that would have progressed to nurse bee now progress to the
long lived adults with juvenile hormone levels less than half that of summer foragers (Fluri et al.,
1982). These workers produced in autumn do not continue developing to field or summer bees
and instead remain as a special form of hive bee with a greatly extended lifespan (Amdam &
Omholt, 2003; Fluri et al., 1982; Mattila et al., 2001) that differ in several aspects of their
physiology that will be discussed later.
Workers within the colony also have the ability to control the onset of different tasks of
their adult nest mates. The workers performing foraging tasks give off ethyl oleate which inhibits
nurses from developing into foragers (Trhlin & Rajchard, 2011). This chemical appears to be
present in larger amounts in the crop of returning foragers and likely is passed to nest mates on
their return from forage flights (Trhlin & Rajchard, 2011)). It is not known if these same
pheromones play a role in regulating shifts to winter bees.
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Worker Mandibular glands
The worker mandibular glands are large paired glands located in the head of honey bees
(Winston, 1987). In young nurse bees they are primarily used to aid in production of brood food
(Brouwers, 1983; Trhlin & Rajchard, 2011; Winston, 1987). During brood feeding they primarily
contribute lipids and carbohydrates and may contribute from 20-40% of brood food secretions to
larva less than two days old (Brouwers, 1983; Winston, 1987). As nurse bees make the transition
to foragers these glands begin to decrease in activity and switch to production of a mandibular
gland based alarm pheromone 2-heptanone (Trhlin & Rajchard, 2011; Winston, 1987). This
change in glandular use is among the many that are mediated through changes in juvenile
hormone titres (Robinson, 1992). The mandibular glands of wintering honey bees are poorly
studied.
Hypopharyngeal glands
The hypopharyngeal glands are relatively large glands located in the head of the worker
honey bee (Winston, 1987). The primary role of these glands is in the production of brood food,
a proteinaceous secretion fed to other members of the colony (Crailsheim, 1990a; Hrassnigg &
Crailsheim, 2005). As neither drones nor queens are involved in brood care, they have reduced or
vestigial hypopharyngeal glands (Hrassnigg & Crailsheim, 2005; Winston, 1987). Development
of the hypopharyngeal glands begins in larva and is linked to their nutrition during development
(Hrassnigg & Crailsheim, 1998; Winston, 1987). Development of fully functional
hypopharyngeal glands requires a diet rich in protein derived from pollen (Crailsheim, 1990b;
Münch & Amdam, 2010; Pernal & Currie, 2000). Mature adults feed nurse bees hypopharyngeal
gland secretion through trophallaxis, building up their glands and helping them to develop
protein reserves for the first three and a half days following emergence (Crailsheim, 1990c; Fluri
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et al., 1982; Hrassnigg & Crailsheim, 1998). Once the young bees develop increased ability to
process pollen, they begin to synthesize their own brood food after consumption of pollen in the
hive (Crailsheim et al., 1993; Münch & Amdam, 2010). The increased ability of the glands to
synthesize brood food is related to increases in glandular size (Brouwers et al., 1987; Crailsheim
& Leonhard, 1997; Hrassnigg & Crailsheim, 1998). The hypopharyngeal glands of active nurse
bees have the greatest ability to produce brood food, will be the heaviest and be in a
hypertrophied state in colonies with brood (Brouwers et al., 1987; Fluri et al., 1982; Münch &
Amdam, 2010). Nurse bees feeding larvae within colonies have the greatest ability to absorb
amino acids from pollen and incorporate it onto brood food (Brouwers et al., 1987; Crailsheim,
1988).
During wintering, bees have hypopharyngeal gland weight approximately 20% less than
summer hive bees (Fluri et al., 1982). Interestingly the older winter bee’s hypopharyngeal glands
do not degenerate as in summer forage bees (Fluri et al., 1982). This lack of degeneration allows
the long-lived winter bees to increase the glands activity as needed in winter for brood rearing
and in spring in preparation for renewed brood rearing (Fluri & Bogdanov, 1987; Fluri et al.,
1982; Mattila & Otis, 2007b; Münch & Amdam, 2010).
The hypopharyngeal glands of foraging workers can also be important for carbohydrate
processing (Bozic & Woodring, 1997; Crailsheim, 1998; Hrassnigg & Crailsheim, 2005). In
foraging bees juvenile hormone can signal changes in the hypopharyngeal gland to increase the
production of α glucosidase (Bozic & Woodring, 1997; 2000). The α glucosidase is important in
the breakdown of sucrose into more readily useable glucose and fructose (Bozic & Woodring,
1997; 2000; Chan et al., 2011). In this fashion the function of the hypopharyngeal gland is
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extended and provides useful function for the entire life of the honey bee and is also critical to
function of wintering bees in their clusters.
Fat Bodies
The honey bee fat body is composed of groups of cream coloured cells in the dorsal and
ventral portions of the abdomen (Winston, 1987). In function, it is roughly equivalent to the liver
of vertebrates but with some additional characteristics (Arrese & Soulages, 2010; Chan et al.,
2011; Nilsen et al., 2011). It can function as a storage organ for amino acids and proteins,
carbohydrates, lipids and fats, as well as having function in metabolism, immunity, and
detoxification (Arrese & Soulages, 2010; Chan et al., 2011). With numerous lobes and folds the
fat body has increased exposure to the hemolymph (Arrese & Soulages, 2010). This allows for
rapid collection and release of resources to and from the hemolymph as they may be needed
(Arrese & Soulages, 2010; Bozic & Woodring, 1997).
Development of the fat body begins in the larval stages and continues through to adults
(Arrese & Soulages, 2010). As has been observed with the hypopharyngeal gland, the fat body
development and function is heavily affected by nutrition and the tasks performed by bees (Chan
et al., 2011; Nilsen et al., 2011). In newly emerged bees the level of fat body activity is relatively
low while the fat body builds over the first three days, and reaches peak size between 7 and 10
days (Nilsen et al., 2011; Winston, 1987).
The fat body development is linked with juvenile hormone titres (Chan et al., 2011). As
in much of the physiology of the honey bee, a profound change in fat body occurs when workers
make the shift from nurse to forager (Chan et al., 2011; Nilsen et al., 2011). While performing
active nurse duties in the colony the fat body is generally larger and more actively synthesizing
brood food (Chan et al., 2011). As workers make the transition to foragers they make a switch
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from accumulating lipids and proteins in the fat body to depleting these stores (Chan et al.,
2011). The possible function of this could be to conserve these valuable resources within the
colony and not risk losing them in the higher risk activities of foragers (Amdam & Omholt,
2002; Chan et al., 2011).
The fat body of bees preparing for winter is much the same as that of a nurse bee (Fluri &
Bogdanov, 1987). Without the resource intensive activity of brood rearing, and with increased
pollen consumption, bees preparing for winter accumulate large stores of protein and fats (Fluri
& Bogdanov, 1987; Mattila & Otis, 2007a). These stored resources are partially used to fuel the
bee and the colony throughout the winter. Among the resources stored and synthesized within
the fat body is the important lipoprotein vitellogenin (Smedal et al., 2009). This lipoprotein is
very important to the survival and success of honey bees and a considerable amount of research
has been performed to better understand its role within a colony (Amdam et al., 2003a; Amdam
& Omholt, 2002; Bitondi & Simoes, 1996; Zhang et al., 2011).
Vitellogenin and storage proteins
Vitellogenin (VTG) is a glyco-lipoprotein found in a wide variety of oviparous species
from fish, to amphibians, reptiles, birds and even monotreme mammals (Zhang et al., 2011). In
most animals it circulates in the blood or hemolymph as a homodimer of approximately 250-600
kDa (Zhang et al., 2011). Usually it is synthesized extra-ovarioly, and circulated to the ovaries
where it is deposited in developing eggs (Zhang et al., 2011).
In honey bees the function of VTG is somewhat different than that of most egg laying
animals (Amdam, 2011; Nelson et al., 2007). In the egg laying queen its typical function is
conserved, but in the remaining colony members it has a variety of other functions (Amdam et
al., 2003a; Amdam & Omholt, 2002; Amdam et al., 2004b). Without the ability to deposit the
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VTG in eggs, the sterile worker caste uses the proteins and lipids as a component of brood food
(Amdam et al., 2003b). Synthesized in the fat body VTG can be stored there or circulated within
the hemolymph to the mandibular and hypopharyngeal glands (Amdam et al., 2003a; Amdam et
al., 2004b). In this way, the protein that is typically used to nourish eggs is used for the similar
function, but at a more developed stage in the young bees’ lifecycle.
During the fall and winter this stored vitellogenin is critically important for the survival
of the colony. With decreasing pollen availability in the fall honeybees have access to less
protein and must use their body reserves for survival while tapering their brood production
(Mattila & Otis, 2007b). With less of a requirement to produce brood food short lived “summer
bees” make a transition to long lived “winter bees” (Amdam et al., 2004a). These long-lived bees
must carry the colony through the long winter where population renewal through brood
production slows or ceases and senescent adults are not replaced quickly or reliably (Harris,
2009; Mattila & Otis, 2007a).
Aging, Senescence and Longevity
Honey bees begin their development spending 3 days as an egg before hatching into larva
and being fed by nest mates until they are capped around nine days. From there they develop into
prepupae then pupa and finally emerge as adults 21 days after their egg was laid (Winston,
1987). Worker bee’s tasks are related to the function of the glands within their bodies as well as
the needs of their colonies communicated through chemical signals (Robinson, 1992) As they
shift from hive to outside duties there is a shift from having high proportions of workers with
highly developed brood food glands (hypopharyngeal glands and mandibular glands) to
decreased activity of these glands as they transition to outside tasks(Chan et al., 2011; Robinson,
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1992; Winston, 1987). At the same time their juvenile hormone titers increase as they become
foragers and stay high until their death at up to 60 days of age (Huang & Robinson, 1995).
As bees prepare for winter, this developmental pattern of bees typical of spring and summer, is
altered. As poor forage resources limit brood production developing bees perform less of the
nursing duties. (Mattila & Otis, 2007a). Fats and proteins that would have been used to feed
immature bees now build up in individual bees as fat body reserves and increased protein
concentrations (Fluri et al., 1982). Workers that would survive for up to 60 days when produced
in spring or summer (called “summer” bees) can survive six months or more as “winter” bees.
These bees are critical for carrying colonies through the winter and feeding brood when
opportunities arise to do so.

Honey Bees Under Stress
Nutrition
Honey bees are periodically put under conditions of nutritional stress due to lack or
forage resources, or environmental conditions that prevent foraging (Schmickl & Crailsheim,
2004). At these times poor nutrution can decrease bee longevity, decrease brood rearing,
decrease hypopharyngeal weight, and decrease concentration of amino acids and proteins in their
haemolyph (Brodschneider & Crailsheim, 2010; Crailsheim, 1990c; Crailsheim & Leonhard,
1997). Poor nutrition has also been shown to decrease resistance to parasites and pathogens such
as Nosema sp. (Mattila & Otis, 2006).
Varroa
The external obligate parasitic mite Varroa destructor Anderson and Trueman, is among
the most serious pest of honey bees (Anderson & Trueman, 2000; Rosenkranz et al., 2010). It
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became a problem for European honey bees when it switched from its native host the Asian
honey bee (Apis cerana Fabricius 1793) when the European honey bee was introduced into Asia
around 50 years ago (Anderson & Trueman, 2000). In the Asian honey bee, the varroa mite is
generally able to reproduce in drone brood within the colony, but in European honey bees they
are able to reproduce in both drone and worker brood (Anderson & Trueman, 2000; Medina et
al., 2002).
Part of the reason varroa mites are so damaging is because they feed on both the
immature and adults stages of honey bees during their life cycle. Briefly, mated adult females
enter worker or drone cells just before the cells are capped around the 9th day (Rosenkranz et al.,
2010). The mated female mite buries herself in the brood food and moves onto the larvae when it
is spinning its cocoon. About 60 hours after capping she lays an egg that will develop into a male
mite. Approximately every 30 hours later she lays subsequent eggs that will become female
mites (Rosenkranz et al., 2010). When mature, the male mite mates with his sisters or other
females that could be in the same cell and produce fertile offspring. Depending on the length of
brood capping (males bees have a longer developmental period), 1 or more female mites emerge
along with the foundress female (Medina & Martin, 1999; Medina et al., 2002). While in the
capped brood cell mites chew through the cuticle of the bee pupae and the mother mite and her
offspring feed on their hemolymph (Rosenkranz et al., 2010). After the bee emerges from the
capping the male mite dies, along with any female mites not fully matured. The mites exiting the
cells move among the workers where they may stay in a phoretic stage until another host cell is
found (Rosenkranz et al., 2010) (Figure 1.1).
Control of varroa mites is challenging for a number of reasons. First the mite is protected
from exposure to acaricides by staying beneath cell cappings for much of its life cycle preventing
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many control agents from killing it (Rosenkranz et al., 2010). Secondly, it is physiologically
similar to the insect that it parasitizes and so finding compounds selective to the mite that do not
harm bees is difficult. Thirdly, it is large in size relative to its host so finding doses toxic to mites
that don’t harm bees is also challenging as there is little margin for error. Finally, it has a short
generation time which has aided in the development of resistance to many of the acaricides such
as tau-fluvalinate (Apistan®), coumaphos (Checkmite®) and amitraz (Apivar®) (Milani, 1999).
The negative effects of parasitism by varroa are many. Developing bees parasitized by
varroa emerge with lower wet and dry body weight, lower water content, lower head and
abdominal protein concentrations, lower abdominal carbohydrate concentrations, greater body
deformities and suffer from immune suppression (Amdam et al., 2004a; Bowen-Walker & Gunn,
2001; Yang & Cox-Foster, 2005). These effects can result in poor learning and memory,
decreased foraging ability, and significantly shortened life spans (Amdam et al., 2004a; BowenWalker & Gunn, 2001; Dejong et al., 1982). Due to the damage caused by varroa many studies
agree that it is a leading cause of honey bee colony mortality (Boecking & Genersch, 2008;
Currie et al., 2010; De Guzman et al., 2007; Dietemann et al., 2012). The varroa mite is also
known to be a vector of other pathogens including bacteria (Glinski & Jarosz, 1992) and
numerous viruses (Bowen-Walker et al., 1999; Chen et al., 2006; Teresa Santillan-Galicia et al.,
2010)
Viruses
While many viruses have been found within honey bees, it appears that seven viruses are
of economic importance to beekeepers (Table 1.1) (Brutscher et al., 2016; Desai et al., 2016).
Symptoms vary by virus but can include changes to the cuticle, paralysis, failure to pupate,
shrunken or deformed abdomens, deformities of wings and body, bloating, impaired learning and
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cognitive ability, reduced life span and mortality among others (McMenamin & Genersch,
2015). Many of the honey bee viruses are known to be associated with varroa mites and increase
the mortality and detrimental effects of varroa mite parasitism.(Bowen-Walker et al., 1999;
Desai et al., 2016; Martin et al., 2012; Sumpter & Martin, 2004; Yang & Cox-Foster, 2007)

Summary and Conclusions
Honey bees have been experiencing increasing losses in recent years and these losses
make management of honey bee colonies difficult for beekeepers and those who depend on
pollination. The external parasitic mite Varroa destructor is the likely cause of many of these
losses. Reductions in worker health through deformities, poor body condition, changes to normal
physiology, and decreased life spans are attributable to varroa parasitism. In addition to the
damage caused by varroa parasitism, they also vector damaging diseases and viruses to their host
which may cause additional damage. Control of varroa is made difficult because of it
reproductive biology and rapid ability to develop resistance to acaricides used to control it.
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Tables
Table 1-1 Viruses of economic importance to honey bees and their symptoms

Virus Name
Acute bee paralysis virus

Abbreviated
Symptoms
name
ABPV
Paralysis, darkened cuticle, impaired cognition,
mortality

Black queen cell virus

BQCV

Pale, yellowish leather capped larva, failure to
pupate, sac like appearance, mortality

Chronic bee paralysis virus

CBPV

Paralysis, mortality

Deformed wing virus

DWV

Deformed wings, shortened or bloated abdomen,
learning deficits, mortality

Israeli acute paralysis virus

IAPV

Mortality of colonies

Kashmir bee virus

KBV

Colony mortality

Sacbrood virus

SBV

Pale, yellowish, leathery cuticle of larva, failure
to pupate, sac-like appearance, mortality
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Figures
Figure 1.1 The life cycle of the Varroa destructor Anderson and Trueman. Adapted from Henderson et al.
(1986)
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CHAPTER 2. THE EFFECT OF EARLY, MID AND LATE AUTUMN
APPLICATION OF THREE ACARICIDES WITH DIFFERENT
TREATMENT TARGETS AGAINST VARROA DESTRUCTOR WHEN
USED IN HONEY BEE (APIS MELLIFERA) COLONIES IN
TEMPERATE CLIMATES.
Abstract
The parasitic mite, Varroa destructor, is an important contributor to increased honey bee
wintering mortality. To prevent colony loss varroa levels must be controlled to bring them below
damaging levels in advance of winter. The treatment timing and the type of acaricide used can
have varying efficacies, differentially affect mites on adults and in brood and thus result in
different wintering mite levels and different prewinter exposure to potentially damaging mite
levels. In this experiment 48 colonies were treated in a 3 by 4 factorial design with three
treatment periods (early, mid or late autumn) and three acaricides along with a non-treatment
control group. Acaricides were selected that targeted mites using three different strategies: (1) a
long residual application strategy using a plastic strip with a synthetic acaricide Apivar®
(amitraz); (2) a short exposure commercial formulation of formic acid in a cellulose pad that
targets mites in both the immature stage (brood) and on adult bees (Mite Away Quick Strips
MAQS®) and (3) a short exposure application of an acid that primarily targets mites on adult
bees, (an oxalic acid drizzle). Varroa mite drop from colonies was monitored continuously
during autumn, and winter and terminated in the following spring. Mean abundance of varroa
(mites per 100 bees) was determined pre-treatment (early autumn), post treatment (late autumn)
and the following spring with an alcohol wash. Regardless of treatment date, both Apivar® and
MAQS® were effective in reducing mite levels well below that of the control colonies. Oxalic
acid as tested was ineffective in bringing mite levels down relative to control colonies. The
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individual acaricides interacted with the date of treatment application to produce different
patterns of mite drop on the sticky boards throughout their treatments. Apivar® had elevated
mite drop for 5 to 14 days following treatment and MAQS® had elevated mite drop for 1 to 5
days relative to controls. The oxalic acid drizzle application was not significantly different from
controls except for the late application on one date near the end of the treatment period where it
increased mite drop. The total mite drop from the Apivar® and MAQS® treated colonies was
significantly different from control colonies, but not from the oxalic acid treated colonies during
the treatment period. Apivar® and MAQS® had significantly reduced mite drop during the
winter when compared to the oxalic acid and control colonies.

Introduction
Honeybees (Apis mellifera L.) around the world have been experiencing frequent and
severe losses in recent years. In 2006, beekeepers from the United States first experienced a
“mysterious condition” called Colony Collapse Disorder (CCD) where colonies that appeared
healthy suddenly abandoned their hives leaving untended brood and uneaten food stores and a
small number of bees and a queen (Vanengelsdorp et al., 2009) . Canada too has been affected by
colony losses although not typically exhibiting the specific syndrome associated with “CCD”.
Historically winter colony loss in Canada averaged 5-15%, more recently this number frequently
averages 20 to 30% (Currie et al., 2010; Leboeuf, 2016) with some regions or individual
producers experiencing much higher losses. These significant economic losses threaten
commercial beekeeping operations, honey production and pollination services in Canada and
throughout the globe because the costs associated with maintaining and replacing colonies have
increased dramatically.
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While worldwide studies into colony losses have revealed many factors such as, the
tracheal mite, Acarapis woodii Rennie (Kojima et al., 2011) Nosema apis Zander and Nosema
ceranae Fries et. Al. (Botias et al., 2013), pesticides (Pettis et al., 2013) and nutrition
(Brodschneider & Crailsheim, 2010) that can contribute to colony mortality, many agree that the
external parasitic mite Varroa destructor Anderson and Trueman and pathogens vectored by it
are a leading cause of colony mortality (Boecking & Genersch, 2008; Currie et al., 2010; De
Guzman et al., 2007; Dietemann et al., 2012; Guzman-Novoa et al., 2010). Not only does the
mite feed on the adult and immature stages of honeybees, it is also known to be a vector for
pathogens including bacteria (Glinski & Jarosz, 1992) and viruses (Bowen-Walker et al., 1999;
Chen et al., 2006; Teresa Santillan-Galicia et al., 2010). Evidence for immune suppression has
also been attributed to varroa mites making what could be benign diseases in the absence of a
parasite more harmful when mites are present (Dietemann et al., 2012; Yang & Cox-Foster,
2005).
Understanding the effects of treatment for varroa on honey bee population size and
structure in autumn is critical. In autumn decreasing pollen availability provides honeybees less
access to pollen (protein and lipid sources), thus brood production tapers off and colony
populations shrink eventually stabilizing to form the wintering population (Mattila & Otis,
2007a).The limited replacement of adult honey bees throughout the autumn and winter makes
infestations by varroa mites at that time of year particularly damaging. Developing bees
emerging in autumn having been parasitized by varroa either as immature pupae or after
emergence, may not be in sufficient condition to survive through the winter (van Dooremalen et
al., 2012).
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Adding additional challenges to the management of colonies for winter survival are the
poorly understood interactions between type of acaricide and timing of autumn treatments on the
efficacy of those acaricides in northern temperate climates. Acaricides vary with respect to their
relative efficacy against varroa mites in brood and on adults, with environmental conditions and
the timing of treatment (Ostermann & Currie, 2004; Rademacher & Harz, 2006). In management
of varroa in cold temperate climates with long winter periods that prevent bee flight, the optimal
time to apply acaricides is believed to be in late August to early September following the
removal of honey but before colonies are prepared for winter (Currie & Gatien, 2006). However,
there is often a need to apply these compounds later than this, in mid to late autumn, when the
relative efficacies of different products and their impact on colonies are poorly understood.
The objectives of this study were to examine the effect of treatment timing of acaricides
with three different modes of action in brood and adults when these products applied in early,
mid and late autumn on their relative efficacy against varroa, subsequent impact on mite
populations levels found in colonies throughout the winter, and interactions with Nosema. To
accomplish this, we chose three representative acaricides (formic acid, Amitraz and oxalic acid)
that differed in terms of their efficacies against varroa in brood and on adult bees and in relation
to the length of residual control they provide. Formic acid (MAQS®1) is a fumigant, known to
kill varroa that are found in both brood and on adults and has a comparatively short residual time
(Mitchell & Vanderdussen, 2010; Ostermann & Currie, 2004; Van Alten et al., 2010) Amitraz
(Apivar®2) is a contact acaricide that affects varroa in adult stages but with a long exposure
period (Veto-pharma, 2014) and finally oxalic acid which when applied as a drizzle formulation
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affects varroa only through contact on adult bees and with a short residual period (Aliano et al.,
2006; Nanetti et al., 2003).

Methods and Materials
Varroa mite (Varroa destructor) free colonies were obtained from the Meadow Lake area
of Saskatchewan. At the time of the experiment, this area of Saskatchewan had maintained its
varroa free status through geographic isolation and controlled movement of honey bees to and
from the area. Fifty Langstroth, double brood chamber colonies were collected and moved on
May 22, 2012 to the MacDowall area of Saskatchewan (53° 2’ 30” N Lat by 106° 1’ 12” W
Long). Absence of apparent varroa infestation was confirmed by collecting samples of ~250 bees
from each colony on May 29th and 30th and subjecting them to an alcohol wash. The alcohol
wash consisted of hand shaking 250 ml sample jars vigorously for 4 minutes. The jar`s contents
were then poured over an 8 mesh hardware cloth into a white basin. The bees remaining on the
cloth were then washed for 20 seconds with tap water to ensure all mites were recovered. The
mites found in the white basin were counted, along with the bees remaining on the hardware
cloth. The mean abundance of varroa (mites per 100 bees) was found by dividing the total mites
by total bees and multiplying by 100. Sampling for tracheal mites (Acarapis woodii) and Nosema
spp. was also conducted at this time using standard methods (Reuter, 2012; Sammataro, 2006).
No tracheal mites were found and the colonies were not sampled again for this parasite. Nosema
spores were found and subsequent sampling for Nosema was carried out on June 4th, August 31st
and October 29th, 2012.
Forty-eight single brood chamber colonies were created by removing 10 frames of bees
and brood from the original source colonies on June 26th and a queen cell was then placed in
each to help stabilize the populations until mated queens were available. The colonies were later
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re-queened with open mated sister queens on July 12 and 13th, 2012. Varroa used for inoculating
colonies were obtained from five colonies with heavy varroa infestations on July 6th, 2012. At
the time of inoculation with varroa mites, the worker population in these colonies were roughly
equal and consisted of about 15,000 bees. To inoculate these colonies, bees from the varroa
source colonies were shaken into a large 52cm X 50.2cm X 37.1cm screened box (bulk box) and
allowed to mix in order to evenly distribute varroa among the bees in the bulk box. To estimate
the average mean abundance of varroa within the bulk box, three samples of 250-300 bees were
collected from different locations within the box and processed in the field using an alcohol
wash. Groups of approximately 700 bees from the bulk box, with an average of about 20 mites
per 100 bees, were used to inoculate each experimental colony with an initial infestation level of
approximately 140 mites per colony. Colonies were left untreated throughout the summer in
preparation for the application of acaricides in autumn.
The 48 varroa-inoculated colonies were randomly assigned to treatments in a three by
four factorial experimental design with repeated measures over time. The first factor was three
levels of treatment dates: early (September 1st), mid (September 19st) or late (October 13th)
autumn. Four varroa treatment groups were used; (1) a non acaricide treatment control, (2)
Apivar® (amitraz) a strip based synthetic acaricide, (3) Mite Away Quick Strips™ (MAQS®) a
formic acid infused gel pad, and (4) 3% oxalic acid drizzle in 1:1 sugar syrup. Apivar® was
applied at two strips per colony (as a single treatment per colony), on the treatment dates
specified, and removed 42 days later in the case of the September 1st and September 19st
treatment, but for the October 13th treatment, strips were removed on November 2nd (after 20
days) when the colonies were moved indoors for the winter. Similarly, the MAQS® strips were
applied at dose of two strips per colony. Any portion of the MAQS® strips that were not
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removed by the bees was removed on November 2nd. The 3% oxalic acid was applied at 5 ml per
bee space to a maximum of 50 ml per colony, on the assigned treatment dates. All treatments
were applied according to the manufacturer’s label or those recommended by best management
practice except for the reduced treatment period for the late application of Apivar® and removal
of residual MAQS® strips which had to be removed to allow for winter preparation of colonies.
The number of colonies assigned to each treatment combination for the main effects of treatment
method and application date are shown in Table 2-1.
Repeated samples were taken from each colony to assess mean abundance of varroa and
nosema and daily mite drop of varroa. Mean abundance of varroa was assessed from samples
collected on August 31st, October 29th 2012 and May 13th by alcohol wash as described above.
Screened bottom boards (Figure 2.1) placed over top of sticky board traps produced by Phero
Tech Inc.3 were used to record daily mite drop continuously during the experiment. These boards
were placed on the bottom board of each colony and captured varroa mites that were killed by
acaricide or fell from the clusters of treated and untreated colonies through natural mortality and
other causes. These traps were changed at approximately 3 day intervals from August 31st to
October 14th, intermittently during the winter, and again in the spring from April 16th to the
experiment end on May 13th 2013.
Throughout the experiment all colonies were managed according to standard practice for
commercial beekeeping colonies (with the exception of having no acaricide treatment or
treatment for Nosema). Colonies were fed sugar syrup in the autumn and placed into indoor
wintering facilities in Kinistino, Saskatchewan on November 2nd 2012 where they were
maintained at 5oC under constant dark according to commercial practice (Gruszka, 1998).
3

7572 Progress Way, Delta British Columbia, V4G 1E9
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External temperature and relative humidity data was collected continuously from August 20th
2012 to May 13, 2013 using HOBO data loggers fitted with temperature probes4. In addition to
recording external temperature, the internal hive temperature was recorded in a sub-set of three
randomly selected colonies from August 20th to October 30th 2012.
Statistical Analyses
Mean abundance data were first analysed by ANOVA using PROC MIXED (SAS
Institute 1999) as a repeated measures design with colony as the subject and sample date as the
repeated measure and acaricide treatment and treatment date as main effects in the model (SAS
Institute Inc., 2015). Arcsine transformations were performed on proportions for mean
abundance of varroa. Nosema spore counts were log transformed for analysis, while daily mite
drop was not transformed. Untransformed means and standard errors are reported in tables and
figures. The overall model for mean abundance of varroa was analysed with a heterogeneous
autoregressive covariance structure. Where significant interactions were found between calendar
date of sampling and treatment further analysis were performed using the SLICE command by
Calendar date. Student-Newman Keuls (SNK) tests (Proc GLM, SAS Institute Inc., 1999) were
used to compare differences among means within treatments.
Total mites that dropped were counted after removing each board from the hive and to
correct for different lengths of collection time, values on sticky board traps were converted to
daily mite drop. This was done by dividing the total mites on the sticky boards during the period
by the number of days they were in place. The calculated daily mite drop values were then
analysed with an ANOVA using PROC MIXED as described above (SAS Systems 2015). Since
the overall model showed interactions between treatments and sample date, the sticky board
4
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sample dates were sub-divided into four periods related to management activities; Pre-treatment,
Treatment, Post-treatment-overwintering and Post-treatment-spring periods. The delineation
between the Treatment and Post-treatment- overwintering period was assigned using the last date
at which there was a significant reduction in varroa (P ≤ 0.05) between any of the acaricides and
the control treatment as measured by applying the slice command to the interaction between
acaricide and date for the full model. This date was chosen rather than the date when acaricides
were removed as the acaricides were expected to cause residual mite drop after they had to be
removed early (to allow for transfer to wintering facilities). Cumulative mite drop within each of
the four periods was also subjected to ANOVA using PROC mixed by periods and protected
single degree of freedom contrast were used to differentiate treatment against untreated controls

Results
Nosema
Neither acaricide, treatment-date, or acaricide*treatment-date had a significant effect on
nosema spore mean abundance. However, nosema mean abundance did vary with the date of
sample collection (F = 32.53; df = 2,36; P = <0.0001) with spore counts increasing through the
autumn period. The average spore counts were 22,917 ± 22,917 on June 4th, 269,792 ± 92,790 on
August 3rd and 2,086,458 ± 399,782 spores on October 29th. A simple linear correlation between
October 29th varroa mite level and October 29th nosema levels showed no correlation between
the variables (F = 0.969; df = 1,47; P = 0.33; R =-0.22,).
Mean Abundance of Varroa on Adult Bees (Alcohol Wash)
The overall ANOVA for the mean abundance of mites showed that Acaricide (F = 17.66;
df = 3,36; P < 0.0001), Sample-date (F = 35.94; df = 2,43; P < 0.0001) and Acaricide*sample
date (F =16.22; df = 6,43; P <0.0001) were significant factors. Neither Treatment-date,
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Treatment-date*acaricide, nor Treatment-date*Acaricide*sample-date were significant (Table
2-2).
SLICES by date showed no significant difference in mite levels in the pre-treatment wash
collected on August 31st (F = 1.48; df = 3,43; P = 0.2333), with the mean abundance of varroa
for all colonies averaging 4.29 ± 0.383%. Slices showed acaricides did affect post treatment
mean abundance of varroa collected from workers on October 29th (F = 27.88; df = 3,36; P =
<0.0001). On the October 29th sampling date both the Apivar® and MAQS® had reduced mite
levels relative to the untreated control colonies and oxalic acid treated colonies (Fig. 2.2.). There
was no difference between the untreated controls and the oxalic acid treated colonies. Within the
acaricides there was no difference in the date of treatment (Fig. 2.2). There was a trend toward
continued suppression of mites in Apivar® and MAQS® treated colonies on the spring (May
13th, 2013) sampling date but it was not significant (F = 2.97; df = 3,7; P = 0.1064). Graphs of
the autumn and spring mean abundance of varroa can be found in Figure 2.2.
Temperature
Temperatures during the acaricide trial period varied widely. Temperatures ranged from a
maximum of 26.2°C on September 14th to a minimum of -14.6°C on November 28th (Figure
2.3). Average daily temperature fluctuation was 10.8°C and maximum daily temperature
fluctuation was 24.9°C on September 23rd. The average mean daily temperature was 6.34°C.
Precipitation during the treatment period was minimal, although there was an atypical early and
significant snowfall and ``cold snap`` on October 22nd and 23rdafter which further sampling was
stopped to prepare bees for transfer to wintering facilities. A graph of precipitation can be found
in Figure 2.4.
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Daily Mite Drop and Total Mite Drop
The full model ANOVA for daily mite drop showed a significant four-way interaction
with Treatment-date, Acaricide, Sample-date and Treatment-date*Acaricide all being significant
(Table 2-3). Therefore, additional analysis was performed on each of the 30 sticky board sample
dates to determine on what dates there were significant differences by Acaricide, Treatment-date
and Acaricide*Treatment-date. If the ANOVA’s on any of the 30 dates was significant, single
degree protected contrasts were used to determine which acaricides on which dates were
significantly different from the control on that date. The daily mite drop by acaricide significance
can be found in Figure 2.4, Figure 2.5 and Figure 2.6 for Apivar®, MAQS® and oxalic acid
respectively. The Apivar® treated colonies had elevated mite fall relative to the control colonies
for between three and 14 days (Figure 2.5) The MAQS® treated colonies had elevated mite drop
for one and five days (Figure 2.6), and the oxalic acid treated colonies treated late on October
13th had elevated mite fall during one of the sticky board dates on November 6th ( Figure 2.7).
Daily mite drop by period was totalled to produce a total mite drop by acaricide within
the periods. This ANOVA showed no significant difference in the pre-treatment period (F =
0.92; df = 3,36; P =0.4432) while there were significant differences between the acaricides
during the treatment, post treatment overwintering and post treatment spring periods. Differences
of least squares means were used to determine which treatments were different from each other.
During the treatment period MAQS® and Apivar® had similar total mite drop, and were
significantly different from the control colonies, but not the oxalic treated colonies. During the
wintering period, MAQS® and Apivar® had significantly lower mite fall than the oxalic acid
and untreated control colonies. Total mite fall was still affected by acaricide during the spring
period, where MAQS® treated colonies had significantly fewer mites dropping than the
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untreated control colonies and the oxalic acid treated colonies, but not lower than the Apivar®
treated colonies (Figure 2.8).

Discussion
Interpretation of varroa results in the autumn requires careful consideration due to the
rapidly changing nature of the colonies brood and population structure at this time (Harris,
2010). During the autumn honey bee colony populations are stabilizing toward a population
which is likely to survive the winter (Harris, 2009). In northern environments this population is
thought to be around 8,000 to 15,000 workers (Harris, 2008; Sumpter & Martin, 2004). To get to
that size summer populations of bees are rapidly decreasing (Harris, 2010; Mattila & Otis,
2007a). In autumn, sampling for phoretic mites will show rapidly increasing levels as the
existing mite population is forced onto fewer and fewer adult bees. At the same time, brood area
is decreasing rapidly (Harris, 2008) and the substantial portion of the colony mite population that
was reproducing in the capped brood are also forced onto adult workers (Sumpter & Martin,
2004). As a result of both these changes in the colony, mite sampling from late August to
October can yield widely different varroa mite infestation rates. Products used to control mites
may have more varroa as measured by alcohol wash in late autumn than in earlier dates. For this
reason, it is important to compare the results to untreated control colonies. While mite levels as
determined by alcohol wash may be increased from previous dates, they still may have decreased
the population of mites relative to controls.
The primary goal of this study was to examine the interaction between the relative timing of
autumn applications and different acaricide application strategies on the short and long-term
effectiveness of treatment products. Two of the products tested, Apivar® (with long exposure
and efficacy against phoretic mites) and MAQS® (with short exposure and efficacy against
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phoretic mites and mites in brood) reduced mite populations effectively regardless of the period
in autumn when treatments were applied and continued to provide suppression of mites relative
to the control throughout the winter period. Surprisingly, the third product, Oxalic acid (with
short term efficacy against phoretic mites) was ineffective on all treatment dates and provided
only limited enhancement of mite mortality relative to controls and only for one treatment period
in late fall when brood was present but at reduced levels.
Apivar® was expected to work reliably under a range of treatment timings and conditions
and that is what we found in this study. There are no temperature recommendations (Santiago,
2000; Veto-pharma, 2014) for the product and due to its slow release over several brood cycles it
is expected to show high levels of efficacy regardless of brood area in the colony (Veto-pharma,
2014). Others have shown that Apivar® can be effective in controlling varroa under autumn
applications (Al Naggar et al., 2015; Faucon et al., 2007; Floris et al., 2001) and this was the case
for Apivar® in this experiment. Regardless of date applied there was no significant difference in
mean abundance of mites following treatment and average mite levels were reliably reduced to
less than 6.4 mites per 100 bees prior to preparation for wintering in highly infested colonies.
The late treated colonies, which received only 20 days of a 42 day treatment, might be expected
to have lower efficacy, but mean abundances of varroa were statistically indistinguishable from
the earlier treatment dates. In terms of patterns of daily mite drop, Apivar® showed greatly
increased mite drop relative to controls as soon as it was applied and high drop relative to the
controls continued nearly until the conclusion of the treatments. Upon removal of the Apivar
strips, mite drop returned to the level of control colonies, indicating that there was no residual
affect after they were removed from the colony. When considering sticky board data it is
important to recognize that the mites collected on the sticky boards can be the result of mortality
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due to the acaricide, natural senescence of the mites, as well as grooming behavior that could
result the acaricide or be the result of genetic (Harris et al., 2010; Martin, 1998) behavior. During
the winter period, after removal of the acaricide strips, the amitraz-treated colonies showed lower
mite drop than the controls, likely reflecting the lower total mite populations in those colonies
relative to those in the controls (Martin & Kemp, 1997).
MAQS®-treated colonies, use the active ingredient of formic acid, and because this
acid’s evaporation is temperature dependent (Ostermann & Currie, 2004) it was expected that the
large range in external temperatures on my three different treatment dates would have an effect
on the efficacy of formic acid as observed in other studies (Amrine et al., 2007; Ostermann &
Currie, 2004; vanEngelsdorp et al., 2008). The label directions for the MAQS® pad formulation
used in this study recommended application between 10°C and 33°C. Considering the average
mean daily temperature during the entire treatment period was 6.34°C it’s high relative efficacy
was somewhat surprising. However, when looking at mean temperatures in the seven days
following treatment (the treatment period on the label) the mean external temperatures were
17.3°C, 17.9°C and 10.6°C. This mean temperature was within the range of temperatures
recommended on the label so even though minimum temperatures were much lower than this for
much of the treatment application window on each date, the efficacy of the treatments did not
appear to be negatively affected. As well it should be noted that the hive temperatures may have
had a moderating effect on the external temperature. The temperature sensors, placed in the
center of the brood nest, near the top bars, was very near to the location of the MAQS® pads
which were placed above. The average hive temperature from the three colonies monitored
during three treatment dates was 31.6°C, 32.7°C and 26.9°C, within the label recommendations
and minimum temperature was 19.4°C in colonies during the last treatment date. Some negative
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effects to the MAQS® treatment were observed however. On all three treatment dates MAQS®
treated colonies experienced bearding of bees outside the front of the colonies. In most cases,
dead bees were found on the screened bottom boards (Figure 2.9). While other beekeepers and
some research studies have noted loss of queens associated with formic acid application under
both hot (Agriculture, 2015) and cold conditions (Underwood & Currie, 2004), others have not
found significant queen loss or worker mortality with fall applications (Calderone, 2000;
Mahmood et al., 2012; Ostermann & Currie, 2004), no negative effects on queens as a result of
treatments were observed in this experiment.
Other studies into the efficacy of MAQS® have shown efficacy on mites under the brood
cappings (Mitchell & Vanderdussen, 2010; Van Alten et al., 2010) and that is likely to have
occurred in this experiment although it was not specifically measured. Efficacy against mites in
brood is considered probable as the relatively low mite drop following the September 1st
treatment with MAQS®, when lots of brood was present, still resulted in much reduced mite
levels in the late autumn alcohol wash samples collected on October 29th. This suggests that
although relatively few phoretic mites were killed, mites in brood likely were thus preventing
further mites from being produced by adults that would have emerged from the brood had it not
been effective in killing them there. As was the case with Apivar®, the MAQS® treatments
resulted in lower mite drop than the controls during the winter sampling period likely reflecting a
lower mite population they carried throughout the winter period (Martin & Kemp, 1997).
The relatively poor performance of oxalic acid in controlling mites in all treatment periods
was unexpected. Oxalic acid is known to be effective only against phoretic mites, having little to
no effect on mites in the brood (Charriére & Imdorf, 2002; Rademacher & Harz, 2006) thus we
anticipated comparatively poor efficacy when applied in colonies in early autumn when a
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significant portion of the mite population will still be protected under the brood cappings, and
better efficacy in late fall. On Treatment-dates in early September and mid-September the brood
area within the oxalic acid treated colonies was still relatively high, between 10,800 and 4,300
cells respectively (Chapter 3). But significant numbers of phoretic mite were still present on
workers and yet mite drop did not differ significantly from untreated colonies suggesting
minimal impact from the acaricide treatment. On the late treatment date on October 14th the
brood area in the oxalic acid treated colonies was substantially lower although some brood was
still present averaging 3050 cells for the late treated oxalic acid colonies. Although a large
number of mites may still have been within the brood, and thus, protected for a period against the
oxalic acid applied to the colony, the phoretic population as measured by alcohol was very large
and most of the mite population had the potential to be exposed to treatment. Mite drop increased
relative to controls on one sample date but was not sufficient to result in a measurable reduction
in mean abundance relative to the controls and mite drop in the winter period was similar to the
controls again indicating no reduction in mite population.
Oxalic acid is frequently used in the autumn in Europe with good results. In their review
of oxalic acid for control of varroa Rademacher and Harz (2006) found that in those studies that
reported temperature experimental applications were applied between 0°C and 16°C which is
similar the conditions in our study. The low temperature is thought to be a benefit to help ensure
that the colonies are clustered and the sugar syrup drizzle does not fall between the frames
without touching bees. While oxalic acid in this study was applied at times where bees were
loose within the colony for the early treatments, very minimal syrup was noticed on the sticky
boards below the bees so the product did have good contact with bees. Some temperatures at the
time of our applications were below zero Celsius. The minimum temperatures at time of
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application suitable for oxalic acid use will need to be further evaluated to determine if this was
related to poor efficacy. Oxalic acid dosage can also affect treatment efficacy. When used as a
fumigant Bahreini and Currie (2015) were able to show a significant reduction in spring varroa
levels relative to untreated colonies when 1 g was sublimated. Recommended concentrations in
sugar syrup with oxalic acid can often differ among studies and best management practices
suggest acceptable doses, from as low as 2% oxalic acid, up to 5% (Charriére & Imdorf, 2002;
Rademacher & Harz, 2006). Many however fall within the 3% used within this study and the
dose recommended on the label in Canada. Using 4% oxalic acid in 1:1 sugar water Giovenazzo
and Dubreuil (2011) found that both one and two doses of oxalic acid in spring was effective in
increasing mite drop during the treatment period, and had decreased mite drop onto sticky boards
post treatment relative to control colonies. Our results suggest that further work is needed to
refine doses, acceptable temperature ranges and seasonal timing for this product when applied in
North Temperate regions in order to get more reliable mite control.
Nanetti et al. (2015) did find some benefit on nosema levels associated with the trickle
method similar to the one used in this experiment. Mean abundance of nosema spores was
quantified in this study and was not affected by the acaricide treatments used. This was not
unexpected since none of the products are designed specifically to control nosema. Evidence for
correlation between nosema and varroa is somewhat conflicting. Bahreini and Currie (2015)
found that nosema infections negatively affected bee’s defensive behavior against varroa. Desai
and Currie found a positive correlation between deformed wing virus and nosema. This is an
indirect relationship as deformed wing virus is known to be correlated to varroa infestations
(Bowen-Walker et al., 1999). Other such as Costa et al. (2011) found that the relationship
between DWV and Nosema was antagonistic, that is, when virus titres when up, nosema levels
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decreased. Martin et al. (2013) also found that DWV, known to be associated with varroa, and
nosema were not correlated. In Vanengelsdorp et al. (2009) nosema and varroa were commonly
found in diseased colonies, but a direct correlation between the two was not explored.
Seasonal comparisons (spring vs summer or autumn etc.) of varroa control products have
been examined along with intervals of treatment application numerous times (Charriére &
Imdorf, 2002; Nanetti et al., 2003; Rosenkranz et al., 2010; Sammataro et al., 2008; Strange &
Sheppard, 2001). However, studies evaluating the same acaricides within different periods in
autumn, during the same season are less common. A notable exception is the work of van
Dooremalen et.al (2012) who examined thymol treatments spaced one month apart, earlier in the
summer and autumn. In their research, they were able to resolve differences in colony
performance as a result of the different treatment timings with earlier treatments typically
resulting in longer worker lifespans and better colony performance for wintering. Our results
showed that in terms strictly relating to relative efficacy of mite control, beekeepers could get
equivalent levels of control going into the winter period when treating with MAQS® or Apivar®
regardless of the treatment date. In some cases, such as with late fall oxalic treatments or indoor
wintering fumigation treatment with moderate mite levels, it has been shown to be feasible to
delay treatments until late fall or mid-winter (Charriére & Imdorf, 2002; Rademacher & Harz,
2006; Underwood & Currie, 2004) with good winter survival of bees. While treatment timing in
my study spanned the range of dates when it would be feasible to treat in autumn in the Canadian
Prairie region, it is generally not recommended to delay treatments until late fall with varroa
levels as high as those experienced in this study due to the potential for negative impacts on the
wintering populations by high mite levels and their associated viruses (Bowen-Walker & Gunn,
2001; Bowen-Walker et al., 1999; Desai & Currie, 2016). By mid-September or October
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sufficient damage to colonies by varroa may already have compromised the winter survival of
the colonies. The validity of this recommendation will be examined in Chapter 3.
Treatment thresholds with a specific date related to mite levels in autumn are used to
determine if varroa levels are of concern for a beekeeper. The adult bee samples collected on
August 31st in this experiment had an average mean abundance of 4.3 mites per 100 bees which
is roughly twice the treatment threshold for that time of year in that geographic region
(Agriculture, 2011; Currie & Gatien, 2006). Both Apivar® and MAQS® brought the number of
mites per bee to below 1.6 to 6.4% (Apivar®) and 1.3 to 2.1% (MAQS®) while these levels
would be below the number that colonies could tolerate in late fall, when no other stressors are
present,(Currie, 2008) it is likely that these bees could be exposed to high viruses as a result of
long exposure to high mite loads (Dainat et al., 2012; Desai & Currie, 2016; Martin et al., 2010)
or that the physiological preparation of bees for winter could have been weakened (Amdam et
al., 2004a). Although good efficacy was obtained with both Amitraz and MAQS® and these
could be viable options to use in late fall as a rescue treatment to quickly reduce mite loads, the
optimal strategies to ensure the greatest colony survival need further study. Where possible
beekeepers should strive to ensure colonies do not exceed economic thresholds in the fall. If late
fall treatments need to be applied under similar environmental conditions and pathogen loads my
data suggests that in terms of efficacy, both Apivar® and MAQS® are suitable alternatives to
provide significant reductions in mite levels at any period in fall.
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Tables
Table 2-1. The 3 X 4 factorial study design.

Treatment Method
(Date and treatment)

Date 1
Sept 1st

Date 2
Sept 19st

Apivar® Treatment “A”

A1 n=4

A2 n=4

Date 3
October
13th
A3 n=4

Mite Away Quick Strips(MAQS®)
Treatment “M”

M1 n=4

M2 n=4

M3 n=4

Oxalic Acid drizzle Treatment “O”

O1n=4

O2 n=4

O3 n=4

No Control Treatment “C”

C1 n=4

C2 n=4

C3 n=4

Total

n=16

n=16

n=16
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Total

n=
12
n=
12
n=
12
n=
12
N=48

Table 2-2 Type III test of fixed effects for the mean abundance of varroa (alcohol wash)

Effect
Treatment-date
Acaricide
Sample-date
Acaricide*Sample-date
Treatment-date*Acaricide
Treatment-date*Sample-date
Treatment-date*Acaricide*Sample-date

df
2,36
3,36
2,43
6,43
6,36
4,43
9,43
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F Value
0.42
17.66
35.94
16.22
0.70
1.31
0.58

P Value
0.6580
<0.0001
<0.0001
<0.0001
0.6478
0.2806
0.8029

Table 2-3. ANOVA for daily mite drop, all factors

Effect
Treatment-date
Acaricide
Treatment date*acaricide
Sample-date
Treatment date*Sample-date
Acaricide*Sample-date
Treatment-date*Acaricide*Sample-date

Degrees of Freedom
2,36
3,36
6,36
29,1028
58,1028
87,1028
174,1028
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F Value
3.76
10.49
7.10
16.91
9.27
3.26
3.92

Probability > F
0.0329
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Figures
Figure 2.1. The screened bottom boards and sticky board straps that were placed under the experimental
colonies to catch any varroa that fell from the bees.
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Figure 2.2. Mean abundance of varroa mites as determined by the alcohol wash method. The pre-treatment sampling on August 31st (not shown)
revealed no significant difference among the acaricides (F = 1.48; df = 3,43; P = 0.2333). Acaricide had effects on mean abundance of
mites during post treatment sampling on October 29th, 2012 but not in spring sampling on May 13th, 2013. Acaricide treatments pooled
for all treatment dates (indicated by horizontal bars) followed by the same letters are not significantly different from one another (P<0.05,
SNK). Vertical lines indicate +/- standard error.
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Figure 2.3. Daily maximum and minimum temperature for the treatment period with treatment dates 1, 2, and 3 highlighted by vertical bars.
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Figure 2.4 Precipitation during the treatment period of the acaricide trial. Treatment dates are marked by vertical bars. Colonies were moved into
indoor wintering facilities on November 2nd, 2012.
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Figure 2.5. Daily mite drop for Apivar® during the treatment period. Treatments within dates marked with a * were significantly different from
the control colonies (P value of 0.05, Protected single degree of freedom contrasts). Vertical lines indicate +/- standard error.
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Figure 2.6 Daily mite drop for MAQS® during the treatment period. Treatments within dates marked with a * were significantly different from the
control colonies (P value of 0.05, Protected single degree of freedom contrasts)
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Figure 2.7 Daily mite drop for the oxalic acid treated colonies during the treatment period. Mite drop was significantly different from the control
on one date, November 6th, marked with at * (P value of 0.05 Protected single degree of freedom contrast) for the oxalic treatment applied
on October 13th. Vertical lines indicate +/- standard error.
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Figure 2.8 Total mite drop during the Pre-treatment (1), Treatment (2), Post-treatment-overwintering (3) and Post-treatment-spring (4) for each
Acaricide. There was no significant difference between treatments during the Pre-treatment period (F = 0.92; df = 3,36; P = 0.4432) but
there was a difference between treatments in the Treatment period, Post-treatment-overwintering and Post-treatment-spring periods. Bars
with different letters above are significantly different (P <0.05, differences of least squares means) Vertical lines indicate +/- standard
error.
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Figure 2.9 Negative effects noted due to MAQS® treatment on October 16 (2 days post treatment) included dead bees on the screened bottom
board and bearding of bees outside the colony front. Bearding coincided with a frost event so some bees were likely killed due to the cold,
an indirect effect of the treatment.
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CHAPTER 3: EFFECTS OF VARROA TREATMENT AND
TIMING OF ACARICIDE TREATMENT ON THE
POPULATION DYNAMICS OF WINTERING HONEY BEES
Abstract
Honey bee colonies are increasingly having difficulty surviving winter as well as they
have in years past. Many agree that the external parasitic Varroa destructor mite is a leading
cause of winter loss. Both the mite and the treatments used to control it in the autumn have the
potential to have negative effects on the size and age structure of worker bee populations that
form the wintering colony. In this experiment honey bee colonies with twice the early fall
economic threshold of mites were treated with acaricides with three different application
strategies to control varroa applied at three different times in the autumn in a 3 X 4 Factorial
study design with repeated measures over time. The first acaricide strategy was to use a long
exposure time using a product that had activity against varroa only on phoretic mites on adult
bees (Amitraz, formulated as Apivar®); second, a short-term fumigation treatment with efficacy
against both phoretic mites and mites in brood (formic acid formulated as Mite Away Quick
Strips®), and an organic acid with a short application time that targeted only phoretic mites
(oxalic acid, formulated as a drizzle). There were significant Acaricide*Treatment-date
interactions for brood area, spring population, and adult bee survival. The main effect of
acaricide was significant for brood area, but not for spring population. There was a significant
decrease in brood area on the first fall treatment attributed to the MAQS® treatment, and another
non-significant decrease in brood in the second treatment date. These effects on brood had an
estimated effect of reducing the winter population within these colonies between 1,500 and 2,000
workers. The early Apivar® treatment appeared to negatively affect adult bee survival, reduced
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adult populations by an estimated 1300 individuals compared to the controls, and may have
contributed to the poor survival of that treatment. The early oxalic acid treatment despite having
no apparent effect on varroa infestation levels, increased the adult survival of those colonies. The
poor overall survival in this experiment highlights the importance of keeping varroa levels down
in advance of autumn as treatments during autumn may be too late to save honey bee colonies,
regardless of the effectiveness of the acaricides.

Introduction
Winter is a critical period for honey bee survival. Colonies must be large enough to
maintain a cluster temperature which can support their survival through the season. While the
outside bees in a cluster can approach ambient temperatures in some environments, the inside of
the cluster may maintain temperatures of up to 36°C in winter (Es'kov & Toboev, 2009;
Schmickl & Crailsheim, 2004). With adequate protection, population size and sufficient food
stores bees are able survive over extended cold periods (Szabo, 1987b). Honey bees have been
increasingly less able to meet this challenge in recent years and have been experiencing frequent
and severe winter losses. Canada too has been affected by colony losses typically associated with
colony decline or death in winter (Desai & Currie, 2016). Historical winter colony losses average
5-15%, but more recently averages of 20 to 30% are frequent (Currie, Pernal et al. 2010, Leboeuf
2016) with higher losses in some regions. Many causes of these losses have been proposed such
as, tracheal mites, Acarapis woodii Rennie (Kojima, Yoshiyama et al. 2011), nosema disease,
Nosema apis Zander and Nosema ceranae Fries et. al., (Botias, Martin-Hernandez et al. 2013),
environmental and beekeeper-applied pesticides (Pettis, Lichtenberg et al. 2013) and nutritional
deficits (Brodschneider and Crailsheim 2010). However, many agree that the external parasitic
56

mite Varroa destructor Anderson and Trueman and pathogens vectored by it are a leading cause
of colony mortality (De Guzman, Rinderer et al. 2007, Boecking and Genersch 2008, Currie,
Pernal et al. 2010, Guzman-Novoa, Eccles et al. 2010, Dietemann, Pflugfelder et al. 2012).
In addition to the usual challenges colonies face when preparing for winter, the feeding of
varroa mites on developing bees can cause negative physiological changes including decreased
weight and protein content at emergence, decreased vitellogenin reserves and reduced life spans
(Bowen-Walker and Gunn 2001, Amdam, Hartfelder et al. 2004, Dainat, Evans et al. 2012).
During the autumn and winter stored vitellogenin is important for the survival of the colony.
Unlike in other insect groups, the egg yolk protein vitellogenin is used by sterile female worker
castes of honeybees not for egg production, but as a storage protein in winter (Amdam et al.,
2003a). This stored protein can have multiple uses, but typically is converted into brood food for
immature nest mates, or used individually as a protein source (Amdam et al., 2003a; Amdam &
Omholt, 2003; Seehuus et al., 2007). With decreasing pollen availability in the autumn
honeybees have access to less protein and must use their body reserves for survival while
tapering their brood production (Mattila & Otis, 2007a). At this time, short lived “summer bees”
make a transition to long lived “winter bees” (Amdam et al., 2004a) and accumulate vitellogenin.
These long lived bees must carry the colony through the long winter when brood production
slows or ceases and natural senescence decreases the mature adult population(Harris, 2009).
Bees that form the wintering population are reared in the fall, so limits to replacement or
survivorship of adult bees throughout the autumn and winter are particularly damaging. Any bees
emerging at this time that have been parasitized by varroa may not be in sufficient condition to
survive through the winter(Amdam et al., 2004a).

57

Adding additional challenges to the management of colonies for winter survival are the
poorly understood interactions between acaricides used to control varroa, how their relative
efficacy varies with respect to timing of autumn treatments and their subsequent effects on the
structure of the wintering populations. Acarides vary with respect to their relative efficacy
against varroa mites in brood and adults, with environmental conditions and the timing of
treatment (Ostermann and Currie 2004, Rademacher and Harz 2006). In management of varroa
in cold temperate climates the optimal time to apply acaricides is believed to be in late August to
early September following the removal of honey but before colonies are prepared for winter
(Martin et al., 2010). However, there is often a need to apply these compounds in mid to late
autumn when the relative efficacies of different products are poorly understood.
The objective of this study was to determine if the production of the wintering bee
population, its age structure, survivorship and wintering performance are affected by changes in
timing of mite levels as a result of different timing and type of acaricide treatment. In this study,
we chose three representative acaricides that differed in terms of their efficacies against varroa in
brood and on adult bees and in relation to the length of exposure to treatments. Formic acid
(MAQS®5) is a fumigant, known to have an impact against varroa that are found in both brood
and phoretic mites on adult worker bees that has a comparatively short exposure time (Mitchell
& Vanderdussen, 2010; Ostermann & Currie, 2004; Van Alten et al., 2010). Amitraz (Apivar®6)
is a contact chemical that affects varroa in adult stages formulated as a strip with a long exposure
period (Veto-pharma, 2014) and oxalic acid, formulated as a drizzle which is known to affect
varroa through contact only with phoretic mites and with a short exposure period (Aliano et al.,
2006; Nanetti et al., 2003). The effects of different parasite pressure and acaricide exposure

5

Mite Away Quick Strips, NOD Apiary Products Ltd. P.O. Box 117, 2325 Frankford Road Ontario, K0K 2C0 Canada
Veto-Pharma, 14 Avenue du Quebec, ZA de Courtabouf 91140 Villenbon sur Yvette, France
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during three critical periods for the formation of winter bees in autumn was assessed and bee
production, population size and age structure of the population was quantified.

Methods and Materials
The same experimental design and colonies were used as described in Chapter 2 but this
study included quantification of the effects of different treatment timing and treatment strategy
on variables related to honey bee population dynamics, population loss and survival. As
described in Chapter 2, varroa mite (Varroa destructor) free colonies were obtained from the
Meadow Lake area of Saskatchewan and fifty Langstroth, double brood chamber colonies were
collected and moved on May 22, 2012 to the MacDowall area of Saskatchewan (53° 2’ 30” N
Lat by 106° 1’ 12” W Long). The 48 single brood chamber colonies were split off from the
original source colonies on June 26th and were started with queen cells. The colonies were later
re-queened with open mated sister queens on July 12 and 13th, 2012. After the colonies were split
to make singles, but before they were requeened the colonies were inoculated with varroa mites.
At the time of inoculation with varroa mites, the worker population in these colonies consisted of
about 15,000 adult bees. The initial infestation level of approximately 140 mites per colony was
left untreated throughout the summer in preparation for the application of acaricides in autumn.
Just prior to any treatments being applied an alcohol wash sample was collected on August 31st,
2012 and processed. The colonies averaged 4.29 ± 0.383% infestation by varroa and there was
no significant difference between treatment groups.
The 48 varroa-inoculated colonies were randomly assigned to treatments in a three by
four factorial experimental design with repeated measures over time. The first factor was three
levels of treatment dates: early (September 1st), mid (September 19th) and late (October 13th)
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autumn. Four varroa treatment groups were used; Apivar® (amitraz) a strip based synthetic
acaricide, Mite Away Quick Strips® (MAQS®) a formic acid infused gel pad, 3% oxalic acid
drizzle in 1:1 sugar syrup, and a non-treatment control. The Apivar® was applied at two strips
per colony, on the treatment dates specified, and were removed 42 days later in the case of the
September 1st and September 19st treatment, and on November 2nd when the colonies were
moved indoors for the late treatment (20 days later). The MAQS® strips were applied at two
strips per colony. Any portion of the MAQS® strips that were not removed by the bees was
removed on November 2nd. The 3% oxalic acid was applied at 5ml per bee space to a maximum
of 50ml per colony, at the assigned treatment dates. All treatments were applied per the
manufacturer’s label or those recommended by best management practice except for the
shortening of treatment for the late application of Apivar®. The number of colonies assigned to
each treatment combination for the main effects of treatment method and application date are
shown in Table 3-1.
Throughout the experiment all colonies were managed as per standard practice for
commercial beekeeping colonies (with the exception of having no acaricide treatment for the
control colonies or treatment for Nosema). Colonies were fed sugar syrup in the fall and placed
into indoor wintering facilities in Kinistino Saskatchwan on November 2nd 2012. All colonies
were made up of lids, colony bottoms, and boxes of the same pattern and material, reducing the
weight difference between colonies. Immediately before they were put indoors they were
weighed with a digital scale to the nearest .05 of a kg and reweighed when they were taken out of
the wintering facilities on April 18th 2013. Indoor wintering followed standard commercial
practice for western Canada (Gruszka, 1998).

60

Final colony survival and population size were determined on May 9th, 2013. Colonies
were considered alive if a queen and any live bees were present. Colony population size was
determined by photographing all living bees in the colony with a digital camera. The digital
images were then compared to photos of known numbers of bees and totalled for the whole
colony.
During the experiment, brood area of all 48 colonies was measured from September 1st to
October 14th, 2012 and again in the spring from April 22rd to May 13th 2013 at twelve day
intervals to be used in population estimates (Harris, 2008). Brood measurements were taken by
placing a grid frame (consisting of 5.08 cm2 or 2 sq inch squares) (Figure 3.2) over all brood
frames within the brood nest where each grid was equivalent to 100 cells/square of the standard
foundation used in this experiment. At the same 12 day intervals when brood was quantified in
all colonies, cohorts of 100 newly emerged teneral adult bees were marked with unique colours.
In total 24 of the 48 colonies contained marked bees, two in each treatment*date group. Newly
emerged bees were marked in situ and could be identified by their matted, yellowish hairs and
fuzzy appearance (Jay, 1953) (Fig. 3.1). The bees were marked using Testors® enamel paint
placed into a 3 ml syringe tipped with a 0.5 mm x 16 mm (25 gauge) needle. The paint was
gently dabbed into the abdominal hairs of the bees (Harris, 1980) (Figure 3.1)For colonies where
100 newly emerged workers could not be identified, as in late autumn, as many young workers
would be marked as could be found. A total of 11,965 bees of a targeted 14,400 were marked (24
colonies X 100 bees per colony X 6 marking dates).
At each 12-day interval when brood was assessed, the number of marked bees surviving
for each colour cohort were recorded and a new cohort of 100 bees was marked with a different
colour paint. Recording of marked bees was carried out in the early morning and went until 10
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am or was stopped when it had warmed sufficiently to allow bees to forage. The colony lids,
boxes, bottoms and frames were carefully examined and all colour marked bees recorded. The
colonies were all placed in the same apiary but were oriented to have their entrances to different
directions where possible to minimize drifting of worker bees. Placement of colonies within the
apiary was somewhat restricted by the requirement to be fenced against bears.
Data Analysis and Statistical Methods
Data was analysed with the use of SAS software throughout using PROC Mixed and
PROC GLM (SAS Institute 2017). Weight loss between November 2nd, 2012 and April 18th,
2013 was calculated as autumn weight minus spring weight and subjected to a ANOVA using
PROC GLM. Post hoc a Bonferroni adjusted Least Squared Means comparison was performed to
differentiate treatment groups.
Brood area was log transformed to meet the assumptions of parametric statistics (equal
variance) and analysed with PROC Mixed for all factors (Treatment-date, Acaricide, Sample
date, Treatment-date*Acaricide, Treatment-date*Sample-date, Acaricide*Sample-date,
Treatment-date*Acaricide*Sample date). For interactions among factors that were significant,
additional analysis was performed using the SLICE function. Population size assessments from
the photographic assessment was analysed by ANOVA using PROC Mixed following
logarithmic transformation. Additional analysis using SLICES by factor were done where
significant interactions were found.
Survival values of individually marked bees were calculated on the last day of assessment
(October 14th) before winter and the first assessment in the Spring (April 22nd). One colony in the
O1 treatment group was missed on the April 22nd assessment so the marked bees from the next
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assessment date, May 2nd, 2013 were used. Survival values for each cohort within treatment
combinations were calculated by taking the total number of bees recorded on the observation
date divided by total the number originally marked in that cohort. The CATMOD procedure in
SAS was used to compare survival of bees in each treatment combination to untreated controls
using protected contrasts. All observations for the control colonies were pooled (n=6), while the
other Acaricide*Treatment-date each had two colonies in each treatment combination.
Estimated winter populations were calculated by multiplying the paint-marked cohort
survival percentages on October 14th, 2012 by the brood squares measured, multiplied by 100
brood cells per square measured on that same date, and adding the cohorts together to make the
total population (Harris 1985). In the case of the final autumn cohort where their survival was
not assessed the average percent survival from the previous date of October 4th for all colonies
was used to multiply by the brood area at that time. An example colony population calculation
can be found in Table 3-2. No statistics were performed on total colony survival (live or dead)
but data are presented.
Results

Brood
Acaricide treatments did not increase brood production relative to untreated colonies in
any of the treatments, but some acaricide treatments suppressed brood production in some time
periods. The overall ANOVA for brood area showed that Acaricide (F= 4.96; df = 3,36; P =
0.0055), Sample-date (F = 260.05; df = 8,36, P <0.0001), Treatment-date*sample-date (F = 2.94;
df = 16,36; P =0.0036), Acaricide*Sample-date (F = 2.42; df= 24,36; P =0.0078) and Treatment
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Date*Acaricide*Sample-date (F = 2.33, df =45,36; P =0.0051) all had significant interactions on
brood area. The Treatment-date and Treatment-date*Acaricide interaction were not significant.
When the brood data was SLICED by Treatment-date*Acaricide*Sample-date only four
dates of the nine showed significance. Significant treatment effects were found on Treatmentdate 1 on September 12, 2012 (F = 4.74; df = 3,36; P = 0.0069) where MAQS® had significantly
lower capped brood area than the other treatments (Fig. 3.3). The brood measurements on
October 4th were marginally significant (F = 2.59; df = 3,36; P = 0.0675) with the MAQS
treatment also tending to have less capped brood than other treatments (Fig. 3.3). The September
12th brood measurement was 11 days post treatment for the first application of Apivar®,
MAQS® and oxalic acid and the October 4th date was 14 days after the second treatment date
(Figure 3.3). Significant interactions for treatment and date of application were also found for
three brood measurement days in the spring; April 22, 2013, May 2, 2013 and May 13, 2013.
However, the brood measurement data in the spring were not presented, as the large number of
dead colonies made reporting these values of little meaning. A graph of brood area by Acaricide
and Date provided for reference in Figure 3.5
Weight loss
The 48 experimental colonies went into winter weighing an average of 38.07 kg ±
0.395kg (83.9 lbs ± 0.87 lbs) and came out of winter weighing 29.88 kg ± 0.45 kg (65.88 lbs ±
0.99 lbs). Neither the Acaricide (F= 1.15; df = 3,11; P = 0.3315) nor the Treatment-date (F =
2.88; P = 0.0597) were significant interactions in weight loss as determined by a Type III Sum of
Squares. However, the interaction factor of Acaricide*Treatment-date was significant (F = 10.39;
df = 6,11; P = <0.0001). In the Apivar treatments later treated colonies lost more weight than
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earlier treated colonies, and an opposite pattern was shown in the MAQS® treated colonies
(Figure 3.4)

Mean abundance of varroa mites
Although the Treatment-date*Acaricide interaction was significant for bee populations, it
was not for varroa mite mean abundance values where only overall treatment effects were
significant (Chapter 2). The un-treated control colonies averaged 31.1% mites, with the Apivar®
treated colonies being between 6.4% and 1.6% mites. The MAQS® treated colonies showed the
smallest range with 2.1% to 1.3% mites. The oxalic acid treated colonies had mite levels between
46.3% and 25.3% mites (Table 3-3). The effectiveness of the acaricides is presented here as it
relates to the interaction with the populations in preparation for winter, and the effect the varroa
may have on development of those preparations.
Adult survival of age cohorts for each acaricide treatment-date combination
The survival of the different age cohorts in autumn and through the spring varied with the
acaricide treatment and date at which acaricides were applied. Some of the treatments that were
designed to reduce mite levels produced a positive survival benefit to bees, some were neutral
and for some acaricides on some dates, treatments resulted in negative effects on adult worker
survival. Details of cohort survival that was improved relative to the control, reduced relative to
the control or neutral are shown in for late autumn (Error! Reference source not found.4) and
early spring (Error! Reference source not found.5) assessment periods. Surprisingly, worker
survival of Apivar® treated colonies tended to be greater for later treatment dates than for earlier
ones. MAQS® tended to have greater adult survival for earlier treatment periods than for later

65

ones with a few notable exceptions such as on the Sept 23 treatment date. Also surprising was
that early oxalic acid treatment increased survival relative to the controls despite having no
measurable reduction in varroa levels. Similar trends were observed in assessment of spring
survival rates although many colonies and their associated cohorts of workers died before these
assessments could be made (Table 3-5)
Almost none of the August 20th cohort survived past 55 days from emergence, in either
the untreated control colonies or any of the treatments. Generally, there was an increase in newly
emerged worker survivorship as time progressed through the autumn. The highest cohort of
emerging workers that ultimately contributed to the wintering population was from the cohort
marked on October 4th, with between 44 and 90% of workers surviving in the treated colonies,
and 31% in the control colonies on the final sampling date in autumn. Survival of autumn
marked bees had decreased substantially at the time of spring assessments, but the colonies
treated with oxalic acid on September 1st had as many as thirty one percent of workers 211 days
later. Peak survival for the untreated control colonies was for the September 23rd cohort with just
under 8% surviving until April 22nd (211 days later).
Estimated population
Populations were modeled to estimate how the positive and negative effects of acaricides
on brood production combined with positive or negative effects on worker survival to affect the
ultimate size and age structure of the population of “winter bees”. These late autumn population
estimates varied from a low estimate of 4,930 worker bees for the MAQS® treated in late
Autumn up to 10,749 for colonies treated with oxalic in early autumn on the first application
date. This allowed for a representation of the age structure of the population and total population
going into winter. Overall treatments, the September 1st, September 12, and September 23rd
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marked bee cohorts made up nearly 75% of the final wintering population (at 25% of the total
population, 22% and 26% respectively). The October 4th cohort contributed an estimated 15% of
the winter population while the October 14th and August 20th cohorts contributed an estimated
11% and 2% respectively. A graph of the estimated makeup of the wintering populations of the
treatment groups can be found in Figure 3.7. The graph, shows that Apivar® treatments carried
out late in autumn tended to have higher populations than those treated earlier in autumn driven
mainly by differences in survival related to adult workers. MAQS® treated colonies had greater
populations with early treatment than with fall treatment driven by both negative effects of some
treatments on brood production and positive and negative influences on bee survival. Oxalic acid
had positive influences on adult worker survival in early and late treatments but not in those
applied in mid autumn where survival tended to be lower than in the controls.
Spring Population
The overall model for population showed that the extent of effects of each acaricide
treatment on the October population depended on the application date (Treatment-date*Acaricide
interaction (F = 6.39; df = 6,36; P = 0.0001). When SLICED by Treatment-date there were
significant differences between acaricides on Treatment-date 1 (F = 6.07; df 3,36; P = 0.0019),
Treatment-Date 2 (F3.13; df = 3,36; P = 0.0375) and Treatment-date 3 (F = 5.20; df = 3,36; P =
0.0040).
The measured populations in the spring were quite low. Of the 28 colonies surviving, the
average population was 2,376 adults. Both the Apivar® early and Oxalic late treated colonies
had no bees surviving by the final period in May. The late treatment with Apivar® had the
largest average population at 3,762 adults. (Figure 3.6)
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Spring Survival
Spring survival by Treatment-date, Acaricide and Treatment-date*Acaricide can be found
in Table 3.6. Briefly, 48 colonies that went into winter on November 2nd, and 28 (58.3%)
survived until May 9th. Seven of 12 of the untreated Control colonies survived with ten of twelve
MAQS®, six of twelve Oxalic and five of twelve Apivar® surviving.

Discussion
This study showed that type and timing of acaricide treatment in autumn can have
dramatic effects on both the production of winter bees, through impacts on brood rearing, and
through negative or positive impacts on adult worker survivorship. In order to maximize the
production of winter bees under high mite loads in autumn, I show that applications with formic
acid (MAQS®) had negative impacts on brood production and adult survivorship in some
cohorts of bees and that highest wintering populations were produced when treated in early
Autumn. Amitraz and Oxalic acid did not affect brood production but both had negative impacts
on adult survivorship in some periods. For Amitraz the highest wintering populations were
produced by late autumn applications. Oxalic acid treatment had highest wintering populations
with early and late autumn treatments but not all the colonies treated in late autumn survived
winter.
The production of brood in this experiment followed a pattern similar to other studies of
autumn brood production that show brood area rapidly decreases through the autumn when
approaching winter (Harris, 2008; Mattila & Otis, 2007a; van Dooremalen et al., 2012). The
adults produced from this autumn brood begin to form the populations of bees that will survive
into the wintering period (Mattila & Otis, 2007a). In the case of this experiment, only the
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MAQS® acaricide had any measurable negative effect on brood production, and only a delayed
effect associated with specific dates, roughly 10 to 14 days following the treatment. Since
developing honey bee eggs and larva are not capped until about the 10th day (Winston, 1987) this
suggests that formic acid negatively affected the open brood within the colonies likely killing
that, rather than brood under cell cappings. If open brood was killed during treatment we would
expect a decrease in capped brood area 10 days to two weeks later where as if sealed brood was
killed and removed by hygienic bees reductions in brood area would be evident immediately
following treatment of colonies. The reductions in sealed brood that occurred reduced the
numbers of bees that contributed to the wintering population from the September 12th cohort for
the early MAQS treatment and reduced the contribution of bees from the October 4th cohort for
the mid-autumn MAQS treatment. Since these reductions in brood production occurred in
cohorts with a substantial contribution to the wintering population, it would have resulted in
lower contributions to the wintering populations of workers for these MAQS®-treated colonies.
This difference in brood production would reduce the population by 1500 to 2000 adult bees in
comparison to the control colonies. It should be noted that these reductions could be counter
balanced by improved survival of subsequent emerging bees that would experience reduced mite
pressure.
These sharp reductions in equivalent cohorts were not visible in either the Amitraz,
Control or Oxalic treatments, however, the adult survivorship of some cohorts in those
treatments was negatively affected (Table 3.4) also changing the estimated populations of winter
bees.
In the case of colonies treated with Apivar® on September 1st, their adult survival
decreased relative to the control colonies on two sample dates following the treatment,
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September 12th and September 23rd. In all other periods sample periods the adult survival is not
improved relative to the control, despite the reduction in the number of mites within the Apivar®
treated colonies. This decreased survival, when applied to the numbers of workers emerging
from brood decreased production of winter bees by about 1300 adults compared to the control
colonies.
The reasons for the negative impacts of early fall Amitraz treatments on bee survival in
the highly-infested colonies in my study is unclear. It could be that the bees were already too
highly stressed by varroa and that the addition of amitraz within the colony added enough stress
that it was beyond the bee’s ability to cope and this resulted in high mortality. Bees can be
differentially affected by in-hive pesticides as a function of age (Rinkevich et al., 2015) and it is
possible that amitraz is especially damaging when bees are already compromised by parasites
and of a young age. High infestations with varroa and associated viruses are known to cause
damage to bees physiology, including external deformities (Bowen-Walker & Gunn, 2001).
Amitraz has been shown to negatively affect the cuticle of honey bees (Strachecka et al., 2012),
and when combined with the damage already caused by varroa these two agents may have
contributed to the decreased survival of adults observed here.
The timing of the decreased adult cohort survival with amitraz on September 1st could be
related to feeding of immature bees by adults exposed to amitraz. The cohort marked on
September 1st was only exposed to amitraz as emerged adults and their survival rate is similar to
control colonies. The September 23rd emerging cohort would have been exposed to amitraz from
egg, to fed larva, under the capping protected as pupae, and emerged into an environment with
amitraz. The feeding hypothesis would not apply for the September 12th cohort, as they would
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have been capped for 1 day before the Apivar was applied and would only have been exposed to
amitraz after their emergence.
The idea of younger bees being more susceptible to this dual stress of high varroa levels
coupled with the negative effects of amitraz is supported by the greater survival of the colonies
treated on October 13th with Apivar®. At that time, most of the bees making up the winter
population had already been produced, facing "only" the stress of varroa during their maturation
and after emergence. Once matured and exposed to amitraz, they may have been better able to
cope with acaricide related stress. Unfortunately, the field season was cut short by an early snow
fall and “cold snap” and the fall survival of cohorts after October 14th could not be determined
until spring. It should be noted that the Apivar® treated colonies on September 1st had 6.4%
mites on October 29th, while the Apivar® treatment on October 13th had only 1.6% mites and
although these differences were not statistically different they could have been a partial cause of
the differential morality. This may not be a contributing factor as these infestation rates are
below late fall thresholds that predict winter loss (Currie, 2008) and are much below the levels in
controls and oxalic acid treated colonies where reductions in mortality did not occur. It is likely
that the improved survival of mid and late fall Amitraz-treated colonies relative to controls is
attributable to lower parasitism pressure during winter. The October 14th cohort survival shows
that the colonies treated with Apivar® on October 13th had 20% survival on April 22nd, while the
colonies treated on September 1st had 0%. It should be noted that application of Amitraz in fall
does not always result in negative effects on populations when applied in early autumn. Other
studies that have applied Amitraz in early autumn have shown no negative effects or positive
effects on spring population size when mites are below 5% (Parsons unpublished data, Currie
unpublished data).
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The increased survival of the worker bees relative to the controls in colonies treated with
oxalic acid on September 1st is surprising. We saw no evidence that acaricide reduced varroa
mite levels either as measured by increased varroa mite fall on sticky boards, nor a decreased
mean abundance of varroa relative to controls. Yet the adult bee survival is at least as good and
in most cohorts, better than the untreated control colonies. This suggests that the oxalic acid
could have some benefit to the bees other than as a control agent for varroa. The increased
survival is especially unusual considering that oxalic acid has been shown to have detrimental
effects on larva including cell death of the midgut epithelium (Gregorc et al., 2004). Others have
shown increased self-grooming, decreased activity, decreased nursing and a shortening of life
span associated with oxalic treatment (Schneider et al., 2012). It could be that the decrease in
nursing and activity played some role in extending the workers life span by conserving worker
physiology toward longevity rather than nursing (Amdam et al., 2009) but that same decrease in
nursing did not have that effect in Schneider et al., (2012). If decreased nursing was an effect, it
did not result in decreased brood area.
It is possible that oxalic acted as an antifeedant suppressing varroa feeding on adult bees
or reduced the impact of associated pathogens in some manner. We did not quantify viruses in
this study and so could not assess this. Oxalic acid treatments did not suppress nosema as has
been suggested to occur in some other studies (Nanetti et al., 2015) but the timing of our oxalic
treatment was in autumn, not spring of the year. The negative effects of the mid-autumn
treatment with oxalic could due to differences in the division of labour of cohorts relative to the
early and late treated colonies. In the September 19th treated colonies the cohorts negatively
affected by oxalic would have been 4 days post emergence (Sept 23rd cohort), 7 days post
emergence (Sept 12th cohort) and 18 days post emergence (Sept 1st cohort). These cohorts
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generally fall into the cleaning, nursing and food handling activities within the hive (Winston,
1987) and would likely have been consuming the sugar syrup drizzle containing the oxalic acid.
It is possible the cell death of the midgut epithelium noted in Gregorc et al. (2004) contributed to
these cohorts relatively poorer survival compared to untreated control colonies. By contrast the
early treated oxalic colonies cohorts would have been just emerging, under the cell capping, or
contained within the queen as developing eggs. The majority of the October 13th treated colonies
workers would have been between 20 and 42 days old, perhaps less likely to be consuming the
oxalic acid in the sugar syrup drizzle.
The worker survival data provides some clue as to the importance of different cohort to
making up of the winter populations and this has important implications for the timing of
acaricide treatments. Bees produced before September 1st provide almost no contribution to the
wintering population of workers. Cohorts of bees produced between Sept 1st and September 26th
form about 75% of the wintering population and anything that disrupts brood production or
survivorship of bees emerging during this time will have large negative effects on the size of the
winter population. The detrimental impact of varroa on wintering success, and the benefits of
autumn treatments in reducing the impact of this parasite that others have shown (Amdam et al.,
2004a; Currie & Gatien, 2006; Dainat et al., 2012; van Dooremalen et al., 2012) were confirmed
in our study but we have produced detailed worker survivorship data that is of great value in
interpreting the factors contributing to the observed differences in winter populations. Our
predicted winter population sizes based upon this survivorship data and the seasonal brood
production assessed every 12 days was an accurate predictor of the relative differences in
populations as measured through actual population sizes and colony survival in spring and by
food consumption during winter. We were unable to assess colony populations directly, just prior
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to wintering so in order to assess the relative population sizes we used food consumption during
winter storage (percentage reduction in colony weight measured when bees were indoorwintered and could not fly) as a metric related to population size. Food consumption is directly
correlated with population size under these conditions (Free & Racey, 1968) Colonies with
greater populations consume more honey over winter than those with smaller ones (Szabo,
1987a). The weight loss data showed the same patterns as the modeled populations in terms of
relative population sizes of the colonies in the different treatments.
Spring populations also reflect the same trends although many of these colonies died over
winter. The overall colony survival and size of spring populations in this experiment was
relatively poor (58%) and colonies were small by commercial beekeeping standards. Colony
survival in commercial operations for Saskatchewan where beekeepers attempt to keep mites
below economic thresholds, in that year was 73% and the national average was 71.4% (Boucher
et al., 2013). It should be noted that in our study, colonies with a queen and more than 100 bees
were considered alive, rather than basing “death” upon a size that would be considered
commercially viable. Whereas the provincial survey for Saskatchewan considers colonies as
“dead” if they come through winter with fewer than three frames of bees. When considered in
the context of the varroa mite levels the poor survival we observed was not unexpected. At the
time of the August 31st sampling the recommended economic threshold is around 2% (Currie,
2008). The research colonies averaged more than double that value. As well the final varroa mite
levels for the untreated controls and oxalic acid treated colonies remained well above the late fall
economic threshold (Currie, 2008) through the winter. In a commercial beekeeping setting varroa
levels should not be allowed to reach this level by August, and the poor survival and small
populations resulting from this experiment show why. Our data indicate that for beekeeping
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operations where mites do exceed the economic thresholds in late fall the best time to treat is not
the same for different products due to their differential effects on brood production and adult
survival that affect formation of the wintering population and impact on the survivorship of
“winter bees”. For amitraz our data showed that late treatment resulted in healthier adult bees,
perhaps as a result of less of the colony’s population being raised with amitraz present. For
MAQS® our data suggests that early treatment resulted in decreases in adult population due to
uncapped brood damage, but that these losses do not decrease numbers of workers surviving. For
Oxalic early and late treatments provided better colony population size than mid autumn
treatments.
This study highlights the devastating effect that varroa mites can have on wintering
colonies, and the challenges in preparing bees for winter in situations when they are highly
infested with varroa. I show a strategy of applying products in early fall to kill mites immediately
regardless of the product used did not optimize the colonies population age structure and
population sizes to the extent that they can all survive the winter. The timing of treatments
chosen in this study was selected based upon when it is practical to treat within the contexts of
beekeeping management and environmental constraints in the Canadian prairie region. Early
treatments in the previous spring or treatments in July or August as in van Dooremalen et al.,
(2012) that would reduce mite levels before they exceed thresholds, could potentially be better at
preservation of colonies for good winter survival. However, beekeepers who miss fall treatments
or have issues with acaricide resistance still need options for rescue treatments when mite levels
are high in the autumn. Treatments with MAQS in late autumn, when losses of brood do not
negatively affect winter populations may be a suitable option. As well and early autumn
treatment with oxalic acid, followed by a late fall treatment with Apivar may provide some
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colony protection against winter loss but this needs to be experimentally tested. My research
shows that future research into strategies for autumn management of varroa that minimize the
impact of acaricides on production and survivorship of winter bees would be very beneficial to
beekeepers who are faced with highly parasitized bees in the autumn.
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Tables
Table 3-1 Factorial Experimental Design

Treatment Method
(Date and treatment)
Apivar® Treatment “A”

Date 1
Sept 1st
A1 n=4

Date 2
Sept 19st
A2 n=4

Date 3
October 13th
A3 n=4

Total

Mite Away Quick Strips(MAQS®)
Treatment “M”

M1 n=4

M2 n=4

M3 n=4

n=
12

Oxalic Acid drizzle Treatment “O”

O1 n=4

O2 n=4

O3 n=4

n=
12

No Treatment Control Treatment “C”

C1 n=4

C2 n=4

C3 n=4

n=
12

Total

n=16

n=16

n=16

N=48

77

n=
12

Table 3-2 Example population calculation using % survival of cohorts to October 14th, multiplied by
brood area measured on the same date as marking

Date Marked

% Survival on
Oct 14th

Cells of brood

20 August

0.82

X

13,900

=

Estimated
population of
cohort
114

1 September

18.61

X

10,200

=

1,898

12 September

26.77

X

6,300

=

1,687

23 September

42.89

X

4,100

=

1,758

4 October

54.96

X

2,200

=

1,209

14 October

60.2

X

1,400

=

846

Total

7,512
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Table 3-3 Mean varroa mite infestation (alcohol wash) on October 29th, 2012 following treatment
applications.

Treatment Method
(Date and treatment)
Apivar® Treatment “A”

Date 1
Sept 1st
6.4 ± 6.4%

Date 2
Sept 19st
4.0 ± 2.7%

Date 3
October 13th
1.6 ± 0.4%

Mite Away Quick Strips(MAQS®)
Treatment “M”

2.1 ± 0.7 %

1.3 ±0.7%

2.0 ± 1.2%

Oxalic Acid drizzle Treatment “O”

25.3 ± 7.3%

28.9 ± 4.7%

46.4 ±12.5 %

No Treatment Control Treatment “C”

31.1 ± 4.9%

31.1±4.9%

31.1± 4.9 %
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Table 3-4 Worker cohort survival on October 14th for bees exposed to three different acaricide treatment approaches: 1. Ccontinuous release
formulation (A amitraz- Apivar®), 2. Sshort-term efficacy against both mites in brood and on adult bees (M Formic Acid- MAQS®
formulation) and 3. Short term-efficacy against mites on adult bees (O-Oxalic acid trickle formulation) and three treatment timing periods
(early (1), mid (2) and late fall (3) in comparison to mite-inoculated untreated control colonies. Values represent percentage of bees
surviving that made up wintering population. For treatments with a > survival of the cohort was significantly higher than the control, <
was significantly lower than control and = is not significantly different (P < 0.05, protected contrast).
Cohort
Marking Date
and
Age on Oct 14
August 20, 2012
55 days old

NonTreatment
Control
1.5

October 14, 2012 Survival %
Treatment Date 1 (Sept 1)
Treatment Date 2 (Sept 19)
A1
M1
O1
A2
M2
O2

Treatment Date 3 (Oct 13)
A3
M3
O3

0
=

0.5
=

0
=

0.5
=

0
=

0
=

0
=

0
=

1.5
=

Sept 1, 2012
43 days old

18.3

13.6
=

26.9
>

30.0
>

26.0
>

16.5
=

3.0
<

22.4
=

8.0
<

22.0
=

Sept 12, 2012
32 days old

32.0

20.3
<

36.0
=

45.2
>

33.0
=

22.8
<

7.5
<

21.9
<

14.9
<

23.6
<

Sept 23, 2012
21 days old

53.2

28.7
<

38.8
<

47.0
=

37.3
<

42.0
<

41.8
<

33.3
<

16.2
<

70.0
>

Oct 4, 2012
10 days old

31.0

35.0
=

86.5
>

51.9
>

72.7
>

90.0
>

57.0
>

75.5
>

44.0
>

Not
available
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Table 3-5 Worker cohort survival on April 22nd 2012 for bees exposed to three different acaricide treatment approaches: 1. Continuous release
formulation (A amitraz- Apivar®), 2. Short-term efficacy against both mites in brood and on adult bees (M Formic Acid- MAQS®
formulation) and 3. Short term-efficacy against mites on adult bees (O-Oxalic trickle formulation) and three treatment timing periods
(early (1), mid (2) and late fall (3) in comparison to mite-inoculated untreated control colonies. Values represent percentage of bees
surviving that make up wintering population. For treatments with a > survival of the cohort was significantly higher than the control, <
was significantly lower than control and = is not significantly different (P < 0.05, protected contrast). Values in brackets ( ) are the number
of individual bees marked
Cohort
Marking Date
and Age on
April 22
August 20, 2012
245 days

NonTreatment
Control
0

April 22, 2013 Survival %
Treatment Date 1 (Sept 1)
Treatment Date 2 (Sept 19)
A1
M1
O1
A2
M2
O2

Treatment Date 3 (Oct 13)
A3
M3
O3

0
=

0
=

0
=

0
=

0
=

0
=

0
=

0
=

0
=

Sept 1, 2012
233 days

2.17

0.8
=

0.5
=

5
=

10.5
>

0
=

0
=

0.9
=

0
=

0
=

Sept 12, 2012
222 days

1.93

0
=

1.3
=

15.4
>

8.0
>

0
=

0
=

0.9
=

0
=

0
=

Sept 23, 2012
211 days

7.97

0
<

1.9
<

31.0
>

10.9
=

3.5
=

0
<

3.4
<

0.4
<

0
<

Oct 4, 2012
200 days

5.00
(100)

0.5
=

23.5
>

27.8
>

21.3
>

0
=

0
<

6.0
=

0
<

Not
available

Oct 14, 2012
190 days

6.02

0
<

22.5
>

12.3
=

Not
available

Not
available

0
<

20.0
>

0
<

0
<
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Table 3-6 Percent Colony Survival on May 9th, 2013 Spring following treatment

Treatment Method
(Date and treatment)

Date 1
1 September

Apivar®
Amitraz
“A”

0

Date 2
23
September
25

MAQS®
Formic Acid
“M”

100

Oxalic Acid Drizzle
“O”

Date 3
Acaricide
14 October
Total
100

42

100

50

84

75

75

0

50

Non- treatment Control
“C”

100

25

50

58

Treatment Date Total

69

56

50

82

58.3%
survival

Figures

Figure 3.1 The marking method used a 3ml syringe tipped with a 0.5mm x 16 mm (25 gauge) needle and Testors® enamel paint. In the image, the
right top is a newly emerged teneral adult, beside a mature adult. Newly emerged workers were marked on the frames in each hive.
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Figure 3.2 A brood assessment frame consisted of a 5.08 cm square (2" square) grid. The square contains 100 worker cells for the standard comb
size used in this experiment.
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Figure 3.3 Effect of treatment on brood area for September 12th, 2012 and October 4th, 2012. Interactions showed acaricides (C = non

treatment controls; A = Apivar®, M = Mite Away Quick Strips MAQS® and O = oxalic acid) were significantly different on
September 12th when sliced by Treatment-date 1. Marginal differences occurred (F = 2.59; df = 3,36; P = 0.0675) on October
4th, 2012. The September 12th date is 11 days post treatment while the October 4th date is 14 days post treatment.
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Figure 14 Colony weight loss from November 2nd, 2012 to April 18th, assessed during a period when no bees were allowed to forage during indoor
wintering. The Type III Sum of Squaes was signifiant for Acaricide*Treatment-date(F = 10.36; df = 6,11; P = <0.0001) . Bars marked
with the same letters within treatments, are not significantly different (Least Squared MeansBonferonni adjusted).
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Figure 3.5 Effect of acaricide treament on capped brood area by date. Break indicates indoor wintering when colonies were not assessed.
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Figure 3.6 Effect of acaricide treatment on mean worker population size (+/- standard error) measured populations on May 9, 2013.
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Figure 3.7 Estimated autumn worker population age structure as modeled from measuring worker emergence from brood every 12 days

and applying worker survival curves from each acaricide treatment to quantify the survival of each adult cohort on each day.
Data represent the age structure and total adult population on October 14th. Stacked bars contain total number of bees from
each cohort that remain on October 14.
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Figure 18 Estimate autumn worker population on October 14, 2012. There was a significant difference between Acaricide*Treatment-date
interaction (F = 2.76; df = 9.46, P = 0.0140). Acaricide*Treatment-date groups with the same letter above are not significantly different
from one another (Duncan’s Multiple Range Test).
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CHAPTER 4: GENERAL DISCUSSION
Honey bee losses and particularly winter losses of colonies have been elevated in Canada
and around the world for approximately 10 years. These losses have significant economic
impacts for beekeepers in terms of maintaining and replacing colonies and provide a challenge to
meeting the pollination needs of agriculture. The likely cause of many of these losses, the varroa
mite, and its interaction with the establishment of wintering honey bees populations was
examined in my thesis. My first research chapter showed that the acaricides Apivar® and
MAQS® were both effective in increasing varroa mite drop and decreasing mean abundance of
mites when compared to oxalic acid and untreated colonies. However, these treatments did not
have equivalent effects on the size and age structure of wintering populations. In Chapter 3, I
showed the acaricides can also have a marked effect on the population structure and size of
wintering honey bee colonies. I found that decreases in brood area as a result of MAQS®
treatments can be expected if it is applied when large amounts of brood are present in early
autumn. These reductions in brood area could decrease populations by an estimated 1,500 to
2,000 individuals based on estimates from this work. This alone is equivalent to a reduction of
about 1 frame of bees per colony or approximately 15% of the colonies wintering population
suggesting that we should recommend beekeepers avoid using this product between September
1st and October 4th when the majority of wintering population of bees is produced. Negative
effects on brood production were not observed with the other two acaricides. However, all of the
acaricides, when applied in early autumn to colonies with heavy mite infestations had negative
effects on adult bee survival relative to mite-infested untreated colonies.
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Oxalic acid appeared to have little effect against varroa as measured through mite drop
and mean abundance of varroa (Chapter 2), but surprisingly when applied early it appeared to
have a beneficial effect on adult bee autumn survival (Chapter 3). In contrast, when it was
applied in mid or late autumn, when mite levels were greater (Chapter 2) negative effects on
worker survival were observed (Chapter 3). I believe that these negative impacts may be related
to mid-gut tissue damage associated with workers performing in hive tasks (Gregorc et al.,
2004). Mid autumn treatments showed the worst wintering performance as the combination of
mite levels and oxalic acid treatment reduced survivorship in most cohorts without producing
any benefits in terms of reductions in mite levels.
The determination that formic acid formulations can have a negative effect on honey bees
through reduced brood production and cause queen loss is not new (Ostermann & Currie, 2004;
Underwood & Currie, 2004), but my quantification of the effect of formic on brood on the
estimated fall populations and their age structure changes as a result of MAQS® treatments is
unique. Other beekeepers have reported issues with MAQS® which is a relatively “new”
formulation of formic acid and label directions from the manufacturer outline environmental
conditions that are thought to be safe for treatment. The label directions now suggest a maximum
temperature of 29.5 °C and caution that even at these temperatures supersedure of queens may
result (Apiaries, 2017). At the time of my experiment, the label maximum temperature was
higher at 33°C. Our conditions did not exceed 31°C and so was within the label requirements.
However, the lack of queen damage in this experiment may not be representative of other
producer’s experiences under different conditions. In all formulations where formic acid is the
active ingredient it would be prudent for beekeepers to use them with caution and be aware of
the potential negative effects. The products should only be applied when the benefits of having
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reductions in varroa outweigh the potential costs associated with treatment and the negative
impacts that treatment themselves can cause (Ostermann and Currie 2004b).
The use of Apivar® in highly varroa infested colonies early in the autumn was expected
to result in relatively good performance of colonies. That this early treatment of colonies
experienced such poor adult autumn survival and poor wintering colony survival is a concern for
beekeepers who may count on this treatment to preserve colonies for winter. Later applications
also had some negative impacts on adult survivor ship relative to the control but the decrease in
adult survival was not as severe. My study does not warrant the recommendation that beekeepers
avoid applying Amitraz in early fall under all circumstances. Other studies have shown that
under lower mite populations no measurable negative effects are observed (Currie, et. al.,
unpublished data). Further replication of my experiments over several years under different
environmental conditions (indoor and outdoor wintering) would be valuable to determine if there
is a negative synergism between use of Apivar® when bees are in “poor health” induced by
varroa and if recommendations for late treatment using Amitraz would be the best overall
strategy to improving winter survival when bees are highly infested with mites in autumn.
The poor performance of oxalic acid in controlling varroa mites is somewhat unusual
compared to other studies. While earlier treatments in these experiments were not expected to
have high efficacy due to the brood present (Martin et al., 2010), the poor performance late in
autumn in somewhat disappointing. The colonies treated at that time did have somewhat elevated
brood area relative to the experimental average and high levels of phoretic mites that would have
been exposed to the acid, but poor performance in terms of mite kill was still noted. This
highlights a management challenge of waiting for broodless periods with products like oxalic
acid. There is the possibility that colonies may have brood area too large to make the treatment
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effective, or weather may become too poor such that opening of colonies to treat them would be
ill advised. Further research into the possible benefits to unhealthy bees resulting from oxalic
acid drizzle solutions is warranted to provide information on the reliability of these treatments. In
contrast, the increased bee survivorship that resulted from early oxalic was also a surprise
(Chapter 3) since those treatment produces no apparent reductions in mite populations and did
not suppress nosema (another pathogen) at least prior to late autumn (Chapter 2). Since others
have found negative effects of oxalic acid treatment it would be important to replicate these
results under a range of conditions before encouraging early treatments to promote increased
adult survival.
The estimated population data presented here should be viewed carefully. My late
autumn population estimates were produced through marking of cohorts of bees and using actual
measurements of brood area to assess worker production. This technique was useful to determine
the survival of individuals and provided unique insights into causes of the composition and size
of wintering populations when exposed to different combinations and timings of acaricides.
However, it is only a partial substitute for the collection of actual population measurement data.
While populations in my study were measured in spring, I did not measure them in autumn.
Given the variable weather that autumn can bring, numerous sampling periods to measure
population should be planned in future work if resources allow it. Since colonies were not
consistently clustered on all dates through the autumn, more sample dates with photographic
assessment would have provided valuable information on the decrease in population size through
the autumn period to relate to survivorship data. As well populations can change rapidly in the
spring (Harris, 2009) so multiple measurements following winter would provide a better
understanding of long-term survival of wintering bees. While I did not directly measure late
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autumn populations, I did weigh colonies before winter and the following spring and used the
reduction in weight as an indirect metric to assess the populations before spring. Since my bees
were confined in winter quarters any weight loss would have been as the result of feed
consumption through the winter. Colonies with larger populations, or surviving longer into the
winter would consume more feed, and as a result would weigh less when measured in the spring.
These weight loss figures closely mirrored what would be expected based on my population
estimates.
Mite levels in my study that were at least twice the economic threshold at the start of the
treatment period likely decreased colony population sizes considerably and resulted in high
winter mortality. Even when treated with highly effective acaricides these colonies experienced
elevated winter mortality and those that did survive, were in poor condition in terms of their
spring population size and most would not be considered economically viable as honey
producing colonies the following season. This study may not have been representative of typical
use for these products for the majority of commercial beekeepers who maintain mites well below
thresholds, but it does highlight that management of colonies for winter involves more factors
than simply controlling parasites at the earliest possible time. I did not measure viruses in this
study but it is very likely that the colonies that had their varroa levels reduced were still highly
infected by viruses that lingered in the surviving bees and might have impacted survival. Some
acaricides even when providing good efficacy when treated in early fall, had poor survival and
the overall colony survival for early treatments was poor. This highlights that even early fall
treatment may be too late to preserve colonies for the winter if mite levels are high.
The treatment timing used in this experiment was carefully selected as it was thought it
“bracketed” the production of winter bees and matched typical treatment periods for varroa mite
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management. The early treatments would have few bees present that would form the wintering
population at time when treatments were applied, the mid treatment would have a mix of short
lived “summer” and long-lived “winter” bees, and the late treatment would have mostly “winter”
bees produced at that treatment time. While that timing appears to have been achieved based on
adult survival data, the colonies still performed poorly through the winter. This serves to
reinforce the idea that strategies involving even earlier treatments, or preventing colonies from
reaching high levels at any time may be better management options than the typical approach of
delaying treatment till after honey flow, or using products like oxalic when brood areas decrease
to low levels.
The beneficial effects of early treatment with oxalic and late treatment with Amitraz
suggest potential for a novel treatment strategy where early treatments with oxalic could be
applied to maintain bee survivorship until late fall, and then Amitraz could be applied in late fall
to reduce mite loads prior to winter. The effects of the combined stress associated with applying
both of these acaricides could certainly put additional pressure on the honey bees ability to
detoxify (Johnson, 2015) and cope with these treatments.
A wider treatment timing, as in van Dooremalen et al. (2012) which spanned months
rather than weeks could be more useful in decoupling the effects of the release from parasite
pressure by varroa and the negative effects of the viruses they are associated with. Such research
could provide information on the management of colonies to reduce viruses at appropriate times,
rather than just considering the vector host varroa. However, these treatment strategies may not
be applicable in the context of the short windows available in spring and fall when colonies can
be treated in the Canadian prairies.
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Summary and Conclusions
These experiments show that different treatments for varroa mites, at different times
during the autumn, can have a marked effect on varroa mite levels, total varroa mites killed,
colony population structure and population size. The date of autumn treatment did not have
dramatic effects on relative effectiveness against the mites for Amitraz or MAQS® which
showed effective mite kill in all treatment periods, but showed minor differences for oxalic acid
with poor overall efficacy and slightly better mite kill in late fall. I showed important acaricide
treatment date interactions occur that were unexpected prior to carrying out this research.
Treatments which use Apivar® showed increased mite drop relative to untreated colonies for an
extended period after their application and did not affect brood production but did have negative
effects on adult survivorship that affected the production of “winter” bees. The treatment of
colonies with formic acid in Mite Away Quick Strips (MAQS®) caused elevated mite drop for
between one to five days after application but had a negative effects on brood area and caused
some adult honey bee mortality which when combined also affected the ultimate size of the
wintering population. An oxalic acid drizzle caused elevated mite drop on only one sample date,
for the late treated colonies, but still improved adult survivorship in early and late fall
applications. Despite having relatively low varroa mite infestation levels in the fall, neither the
Apivar® or MAQS® treated colonies that survived came through the winter with large
populations and would not be considered large enough to be productive on a commercial scale
without further management intervention in spring.
This study highlights the difficulty in management of honey bee colonies coming through winter
with elevated varroa mite levels in advance of wintering. While varroa mite levels can be
reduced with current acaricides, these applications may not be effective enough to preserve the
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colony structure and size of wintering populations, and thus, colonies may still succumb to the
rigours of winter and have poor body condition during their development for winter. It should
also be noted that my study was carried out on bees that were wintered indoors which is known
to improve survival of colonies under stress from varroa and other pathogens (Bahreini & Currie,
2015; Desai & Currie, 2016) and while my results for late autumn are relevant to all wintering
management systems, winter survival measured in spring might be considerably poorer if these
had been wintered outdoors. Future work could be focussed on fall treatments and management
plans of beekeepers who find themselves with high varroa mite levels following the summer
season.
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Appendix
Appendix 1 Bee yard map for the fall colonies. Numbers are colony numbers, an astserisk (*) denotes a
colony used for marking, and letter and number below represents the Acaricide and Treatmentdate for that colony. A represents Apivar®, M represents Mite Away Quick Strips (MAQS®), O
represents Oxalic acid and C represents untreated control colonies. The treatment dates 1, 2 and 3
were September 1st, September 19th, and October 13th, 2012 respectively. Map is roughly to scale.
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Appendix 2 Location of colonies in the wintering facilities. The top number represents colony number,
those marked with an asterisk (*) denotes colonies used for marking, and the letter and number
below represents the Acaricide and Treatment-date for that colony. A represents Apivar®, M
represents Mite Away Quick Strips (MAQS®), O represents Oxalic acid and C represents
untreated control colonies. The treatment dates 1, 2 and 3 were September 1st, September 19th,
and October 13th, 2012 respectively.
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Appendix 3 Experimental colonies in the wintering facilities. All experimental colonies were in the same
bank of hives.
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Appendix 4 Beeyard map for the colonies in the spring. Numbers are colony numbers, an astserisk (*)
denotes a colony used for marking, and letter and number below represents the Acaricide and
Treatment-date for that colony. A represents Apivar®, M represents Mite Away Quick Strips
(MAQS®), O represents Oxalic acid and C represents untreated control colonies. The treatment
dates 1, 2 and 3 were September 1st, September 19th, and October 13th, 2012 respectively.
Colonies not surviving the winter were removed. Map is roughly to scale.
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Appendix 5 Experimental colonies on April 22, 2013 after coming out of wintering facilities
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Appendix 6 Survivorship Curves and Survival Proportions of marked bee cohort by
Acaricide*Treatment-date
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